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THE Auk, VoL 7: PLATE 14 


A HostILE ENCOUNTER BETWEEN TWO VEERIES (Catharus fuscescens The bird 
on the left is in an Upward display and the other is in a Horizontal Stretch dis 


play; the latter is the more aggressive. 
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BEHAVIOR AND REPRODUCTIVE ISOLATING 
MECHANISMS IN THE AVIAN GENERA 
CATHARUS AND HYLOCICHLA 
VILLIAM C. DILGER 
he basis recent anatomical, behavioral, and serological 
investigations, I feel that the genus Hylocichla of the A.O.U. check- 


lists should | onsidered congeneric with Catharus except for the 
Turdus-like Wood Thrush, which has been left in Hylocichla pending 


UN Tt 


further investigation 

The North American s} é f Catharus (the Veery, fuscescens; 
Hermit ish, guttat Olive-backed Thrush, ustulatus; and Gray- 
cheeked Thrush, minimus) and the Wood Thrush, Hylocichla mustelina 
have a roughly allopatric distribution across the continent (Figure 1). 
There is much broad overlapping of ranges, and in montane areas of 
four species (1. mustelina, C. 
may be sympatric. The 
related; judging by their be- 
ire similar in appearance. 
They either do not hy- 

have been reported. 
n isolation, they must have 
probability of interbreeding 
se differences were they 


probably became great hi h selection upon subsequent species 


contacts until they achieved the level erfection which we observe 
today 

essarily selected against, but, 

[hese will be selected against 

If the production of 

e ‘‘wasted”’ their time, and, 

pairs will have been wasted; 

ld have mated with if a correct 
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choice had been made. If hybrids are produced they are likely to 
demonstrate a lack of, or reduced, viability and/or poor adaptation 
to any available niche. Any one or combination of these possibilities 
would certainly supply selective pressures tending to encourage any 
differences between the forms which would act as species-specific 
recognition signals and their receptors. It is clear that mechanisms 
must exist which obviate or minimize the danger of mixed pairs being 
formed. 

The comparative behavior of the species of the duck genus Anas 
has been extensively studied by Lorenz (1951). This genus, contains 
many sympatric, closely related species. Sibley (MS) has suggested 
that the females select males of their own species with which to pair. 
The females are all very similar in plumage pattern and color, but the 
males demonstrate great diversity in these features. Highly specific 
plumage features, coupled with highly specific movements, provide 
the species with signal characters to which the females respond. 
Spieth (1952) studied the mating behavior of various species of 
Drosophila and found the mating behavioral patterns of the males 
highly species specific. It must be borne in mind that not only are 
the male signal characters highly specific but that the female inborn 
“receptors” to these signals are also highly specific.. Selection must 
operate on both the male signal characters and on the female “‘recep- 
tors’’ or releasing mechanisms. 


DEFINITIONS 


Before a discussion of the comparative hostile behavior of these 
forms can be undertaken a number of terms as used herein need to be 
defined. 

Displacement activity—An activity belonging to the executive 
motor patterns of an instinct other than the instiiict(s) activated 
(Tinbergen, 1952). These activities are supposedly prompted by a 
thwarted drive or conflict between two incompatible drives. To be 
certain one is observing displacement activities one must have more 
accurate information on the motivation(s) of the animal than is 
generally available to those who describe them, although in certain 
circumstances they may be fairly safely determined. 

Display.—Any stereotyped presentation of stimuli, alone or in 
combination such as vocal and visual stimuli, which serve a signal 
function to other animals. 

Drive.—This term is used synonymously with ‘‘motivation’’ and 
refers to the complex of internal and external states and stimuli 
leading to a given behavior (Thorpe, 1951). The strength of a drive 
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==— CATHARUS MINIMUS C. USTULATUS 
(MY C. FUSCESCENS C. GUTTATUS 


FIGURE 1 Br ing rang f Hyloci rustelina and the four Catharus species. 


at any given instant is the sum of the strengths of the internal and 
external causes for that particular drive. The term “internal drive’ 
will be used when attention must be paid to the internal causal factors 
and the term “external drive’’ will be used when attention must be 
paid to the external causal factors. 

Habituation.—This is a type of learning associated with the waning 
of a response as a result of repeated stimulation that is not followed 
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by any kind of reinforcement. It is of a relatively enduring nature 
and is thus regarded as distinct from fatigue and sensory adaptation 
(Thorpe, 1951). 

Hostile behavior—This term refers to any behavior pattern ac- 
tivated by the attack and/or escape drives. This definition is used 
because, as far as is known, both attack and escape drives are usually, 
if not always, activated simultaneously (Moynihan and Hall, 1954). 
Often the attack and escape drives are very unequally stimulated, 
thus giving rise to responses in which only one or the other is overtly 
expressed. Sometimes both drives are overtly expressed and part 
of the animal will be demonstrating behavior associated with attack 
and part with escape (e.g., see Horizontal Fluff or Withdrawn, below). 
The reader is urged to read Moynihan’s (1955b) excellent review 
of hostile behavior. 

Intention movement.—These are incomplete movements caused by 
weak external or internal drive intensities. Because it is often pos- 
sible to judge from these fragmentary or incipient movements what 
part of the behavior pattern is activated at the moment, or in other 
words what the animal may do next if the motivation rises, the term 
“intention movement” (‘‘Intentions-handlungen”’) was used by Hein- 
roth (Daanje, 1950). The term “‘precursory movement’’ may be a 
better one as it does not have the connotation of volition. However, 
I balk at introducing a new term for an already well-understood old 
one. 

Learning.—The process that produces change in individual be- 
havior as the result of experience. It is regarded as distinct from 
fatigue, sensory adaptation, maturation, and the result of surgical 
or other injury (Thorpe, 1951). 

Releaser.—Any feature, or combination of features, in the animal's 
environment which stimulates a stereotyped response. It may be 
considered the source of the sign stimulus. 

Releasing mechanism or R.M.—This is commonly expressed as 
the I.R.M. or innate releasing mechanism. I think, as a matter of 
caution, the word “‘innate’’ is best omitted or included parenthetically. 
This is a property of the nervous system responsible for receiving the 
sign stimulus and initiating the appropriate response. 

Ritualization.—The process by which a behavior pattern, such as 
an intention movement, becomes stereotyped through selection and 
acquires a signal function. 

Sign stimulus.—The “‘signal’’ provided by the releaser to which 
the R.M. responds. 
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HOSTILE BEHAVIOR 


The discussion of the hostile behavior of these species is based on 
the balance of motivations concept so ably and thoroughly developed 
by Lorenz (e.g. 1951) and Tinbergen (e. g. 1948, 1951, 1952, 1953). 
There are many fine examples of work of this nature and the reader is 
referred, for instance, to papers by Baerends e¢ al. (1955), Hinde (1952, 

, Moynihan (1955a), Moynihan and Hall 

rying strengths and proportions of drives (which cause the 

ittern of displays) are deduced from observing the contexts 

plays. The extremes (in hostile behavior, for instance) 

are easy to identify. Strong attack or escape are obvious to anyone. 

The hierarchy of expression falling between these extremes may be 

deduced by watching many encounters between individuals and 

observing the circumstances in which certain behavioral patterns are 

seen. Often successful attempts can be made to duplicate stimulus 

situations experimentally (e.g. with models and recordings) and then 
determine whether predictable responses are forthcoming. 

A comparative study of the hostile behavior patterns exhibited by 
Catharus and Hylocichla was undertaken in an attempt to determine 
the part they play in sexual and species recognition. Data on hostile 
behavior were obtained by watching natural encounters (in the wild 


| 


and in captivity) and by observing the reactions of wild birds to 
models and/or recorded vocalizations played over a loudspeaker. 
The latter method was by far the major source of these data. The 
use of loudspeakers and models had the advantage of vastly increasing 
the number of hostile reactions seen and also provided a more nearly 
standardized set of stimuli by greatly reducing the variability of the 
external drive Models were used instead of mounted birds as they 
were more durable and standardized, as well as being more readily 
modifiable in color and pattern 

Since most pair formation and so called “‘courtship’”’ involves a 
mutual lessening of normal intraspecific hostile behavior, it was postu- 
lated that hostile behavior might be concerned with whatever re- 
productive isolating mechanisms these thrushes prossess. 

The method employed to elicit hostile reactions in the birds being 
studied was play a tape recording of some characteristic hostile 
vocalization over one or more loudspeakers in the breeding territory. 
Loudspeakers were employed with or without the accompanying use 


of models, depending upon the type of investigation being conducted. 


An effort was made to standardize these stimuli in order to render the 
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results as nearly comparable as possible. In each trial the loudspeaker 
and model were placed, insofar as possible, the same distance from 
the nest, usually about 4 meters. Since the internal drive for any 
given behavior pattern varies greatly, depending on the stage of the 
reproductive cycle, an effort was made to find the nest and to estimate 
its stage of development. As many territories as could be found were 
utilized and each pair was given ample time to “‘rest’’ between ex- 
periments, usually several days, in order to minimize any effects of 
possible habituation induced by the experimental procedures. Ideally, 
of course, each bird should have been used but once and then aban- 
doned for another, but this was impossible if enough observations 
were to be made to render the results at all meaningful. 

The procedure was to locate as many territories as possible of all 
the species of Catharus and Hylocichla inhabiting a given area. These 
were experimented with in rotation. It was inevitable that the data 
gathered were chiefly of a qualitative rather than of a quantitative 
nature. The latter type of observations, permitting a more detailed 
analysis, will have to wait until some later date. 

Advertising songs and other hostile vocalizations were taken from 
the Cornell Library of Natural Sounds and transferred onto reels 
of tape to be used in the field. Enough vocalization was placed on 
each reel to last about 8 minutes without rewinding (the maximum 
for the equipment used). The sounds chosen, other than the typical 
advertising songs, were those which were characteristic for each species 
as a reaction to human intrusion. Subsequent observation indicated 
that these sounds were the same as those used in intraspecific encoun- 
ters. In order to have the various species-specific sounds as equal 
in value as possible, I first learned the hostile sound made by each 
species as I approached a nest containing eggs. This was done in 
case the hostile sounds differed in kind or in intensity at different 
stages of the breeding cycle. Subsequent observations indicated 
that the same hostile sounds were elicited by a given stimulus regard- 
less of the stage of the breeding cycle, but the intensity varied with 
the stage of the breeding cycle. This was especially noticeable in the 
vociferous Wood Thrush. For example, this species characteristically 
utters low “bup bup bup’”’ calls when disturbed at the incubation 
stage, but later when young are present this same call rises to the 
high pitched ‘‘pit pit pit’’ utterance. 

The two small loudspeakers could be employed either singly or 
together although not simultaneously. There was enough wire to 
permit them to be placed about fifteen meters apart. 

The models of all five species were molded from fine papier maché 
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and painted as accurately as possible. The eyes were of glass. Some 
of these models were left blank in which case they were of a uniform 
dull white color except for the dark eyes. 


HosTILE DISPLAYS OTHER THAN VOCALIZATIONS 


The following is a list and descriptions of the non-vocal displays 
of Catharus and Hylocichla seen during the course of this investigation. 

Supplanting aitack.—This consists of the bird with higher relative 
attack motivation flying toward the other individual, which flees 
and is replaced on or near its perch by the attacker. This is a display 
common to many, if not all, species. Supplanting may be carried out 
by hopping, running, or sidling when both are sharing a common 
perch or are close together on the ground. 

Gaping.—This is probably a ritualized intention movement to 
bite and is well developed in this group. The bill is pointed at the 
adversary and opened widely, exposing the bright yellow mouth 
lining. The gape is displayed in this manner for a second or two 
at a time. It is not employed unless the adversary is close (within 
a foot or so Intention movements of attack such as Wing Flicking 
and thrusting forward with the head often accompany this display 

Figures 2 and 4 

Bill Snapping.—This is most likely another ritualized intention 
movement to bite, but here the “‘bite’’ is complete and the resultant 
rather loud snap serves the signal function. Usually Bill Snapping 
is done very rapidly and is of short duration. 

Crest Raising.—The crest is raised to varying degrees and is prob- 
ably associated with the common behavior of many animals to look 
larger when under attack motivation (Figures 2 and 5). 

Spread.—In this posture the feathers of the breast are laterally 
spread, the crest is raised, the scapulars, rump, and back feathers 
are somewhat raised, the plumage of the head is compressed laterally, 
and the tail is spread. The wings are drooped and may or may not 
be flicked, depending on the strength of motivation. The bird sits 
quite erect on the perch (Figure 2). 

Wing Flicking—The wings are repeatedly and rapidly flicked 
away from, and back to, the body. The motion is so rapid that the 
wings seem to travel less distance than they actually do but not 
appearing to be spread very much. This display seems to be a 
ritualized flight-intention movement. 

Tail Flicking.—The tail is rapidly flicked in a vertical plane. Tail 
Flicking is often employed in conjunction with Wing Flicking and is 
also probably a ritualized flight-intention movement. 
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Front and lateral views 


FicurE 2. Postures of Hylocichla mustelina. A and B 
D. Low intensity Spread 


of high intensity Spread. C. Medium intensity Spread. 
(Crest Raising). E. Horizontal Fluff. 


Foot Quivering.—In this display the feet are alternately and rapidly 
The sound of the foot against the 


quivered against the substrate. 
dry leaves of the forest floor or the papers in a cage sometimes re 
sembles a rattlesnake’s rattle. The movement is most rapid under 
high motivation and slower under lower motivation. Intense Foot 
Quivering may cause the body to quiver slightly. It seems to be a 
ritualized ambivalent intention movement derived from the move- 











FIGURE 3 Postures of Catharu A 


Ordinary flight-intention movements to 
Front and lateral view of high in- 
tensity Upward posture (shown by C. minimus D. Medium intensity Upward 


posture (shown by C. minimus). E. Two C. minimus engaged in mutual display 


fly upward (shown by C. guttatus). Band C 


of Upwards 


SS ae 
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ments of conflicting drives to move forward (attack) and to retreat 
(escape) at the same time. 

Upward.—In this posture the bird stands very erect with compressed 
plumage and with the head and bill in line with the rest of the body 
(Figure 3). This attitude is assumed swiftly and retained for a 
second or two before the relaxation preceding the next such display, 
if one ensues. This has probably been derived from an intention 
movement to fly upward. Low intensity Upwards can be frequently 
confused with ordinary intention movements to fly upwards. 

Horizontal Stretch—Here the bird assumes a horizontal posture 
and usually has the plumage rather compressed although sometimes 
the scapulars and back feathers may be slightly raised. Gaping is 
commonly associated with this display (Figure 4). This display, 
always oriented toward the adversary, is probably ritualized from 
a posture involved in a biting attack. 

Horizontal Fluff—This posture is similar to the preceding, but 
the breast, scapulars, back, and flanks are greatly fluffed and the 
head plumage tightly compressed. Gaping is commonly associated 
with this posture (Figure 2). 

Withdrawn.—In this posture the bird withdraws the head until 
it rests between the shoulders; otherwise the posture looks very 
much like the Horizontal Stretch. The wings are characteristically 
held a little way from the body and rapidly shivered (Figure 4). 
This posture is strongly reminiscent of the appeasement postures 
of soliciting females and begging young and is somewhat similar to 
the ‘freezing crouch’”’ in response to aerial predators, which lends 
support to the argument that this posture is most characteristic 
of situations prompted by relatively high escape motivation. While 
in this posture the bird runs with short quick steps in a very stiff 
and mechanical manner. 

The ‘freezing crouch,’’ mentioned above, is adopted instantly upon sight of a 
flying predator. A suboptimal stimulus such as scaling a hat or tobacco pouch over 
the cage will often elicit this response. The bird quickly crouches close to the 
ground (or perch), the plumage is tightly compressed and the head is usually re- 
tracted between the shoulders. No movement is then made. The bird may remain 
in this posture for as long as two or three minutes! The eyes look particularly large 
as the head plumage is so tightly compressed. In captivity this response is most 
likely to be elicited by some subnormal stimulus if the bird is vigorously preoccupied 
with some other activity such as eating or a hostile encounter with a cage mate. 
I once watched a captive gutiatus coming out of this posture into which it had gone 
because I had scaled my cap over the cage while it was engaged in attacking a mount- 
ed Button Quail (Turnix). He slowly straightened his legs, thus becoming higher, 
while the plumage was still tightly compressed. There was no other movement, 
not even a blink. With the plumage still compressed and still with no other move- 
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Ficure 4. Postures of Catharus. A. Horizontal Stretch (shown by C. guttatus). 
The upper of the two sketches is relatively less aggressive. B. Withdrawn postures 
(shown by C. guttatus). C. Two C. fuscescens involved in dispute utilizing Hori- 
zontal Stretch and Withdrawn postures 
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FicurE 5. Postures of Catharus. A. Single Wing Flashing (shown by C. u 
latus). B. Double Wing Flashing (shown by C. fuscescens). C. Ordinary Tail 
Raising of C. guttatus. D. More aggressive Tail Raising of C. guttatus 
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nent i t mov t to Foot Quivering was made, soon followed by rather 
intense Foot Quiveri t lumag¢ vly relaxed. Here the thrush gave a 
little rt f idenly kened vigorously resumed his attack upon the 


Wing Flas} lr) display n be either double or single. 
In double Wing Flashing the bird, facing the opponent, stands erect 
ind quicl flashes both wins nd then typically flees. In single 
Wing Flashing (Figure the bird 1 riented at right angles to its 
opponent, and the wing nearest the opponent is rapidly flashed for a 
moment before the bird fle The far wing in this case is kept folded. 
The cot uous buffy wing stripe is prominently displayed in both 
types of Wing Flashir May (1949) describes a similar display in 
the Willow Warbler (P/ Scopu lus). It seems likely that 
this display | been evolved and ritualized from a simple intention 
movement; perhaps a balancing or flying movement. 

Raisis lhe tail is rather quickly raised and slowly lowered 
to its 1 | position (Figur Chis movement may have been 
derived fr n inhibited flight intention movement or from an 

ifter discharge’’ of flight motivation (see Tinbergen, 1952). The 
nore extreme fort this display probably is the result of greater 
conflict between attack and escape drives or perhaps is the result of 
higher intensity inhibited flight movements. During high intensity 
Tail Raising, the belly plumage is usually fluffed in synchronization 
with the upward movement of the tail and is relaxed upon the down- 
ward ment. The tail is a raised higher in these situations 


Win This is und, apparently produced by the wings, 
which i W heard in conjunction with flying attacks even while 
the bird i llins It i rapid, tremulous, mellow, whistling sound. 


HOSTILE BEHAVIOR 


Supplanting attacks and fleeing occur if the attack or escape drives 
re greatly disproportionate [his is true of both interspecific and 

traspecific encounters upplantins ittacks in Catharus and 
Hvylo re often without vocalization; even mustelina, the noisiest 
of the f pecies, is frequently silent. No other displays are as- 
sociated with supplanting except for occasional Bill Snapping and 
perhaps vertising ng or other hostile vocalizations. However, 
if the attacked bird does not flee, it will remain for a varying length 
of time while engaging in mutual hostile displays with the attacker. 
These displays on the part of the attacked bird may be little more 
than Wing Flashing or some other display associated with relatively 
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or actually higher escape motivation. If the attack motivation of 
the attacked bird is stronger, any number of other displays may 
ensue such as Upward, Horizontal Stretch, etc. Most of the displays 
noted are the result of conflict between the attack and escape drives 
and, as mentioned above, a great preponderance of one of these 
drives over the other merely elicits attack or fleeing as the case may 
be. This is the expected condition and is in accord with similar 
work done on other birds; e.g. Hinde’s work on the Chaffinch, Frin- 
gilla coelebs (1953) and on the Great Tit, Parus major (1952). If 
the attack and escape drives are in virtual balance, then some mani- 
festation of displacement activity, as they are believed to exist (Tin- 
bergen, 1952), would be expected to occur in order that the animal may 
“resolve’’ its conflict. This subject is discussed more fully below. 

Woop TurusH (Hylocichla mustelina).—This species is discussed 
separately as it differs markedly from the remaining four species 
in many of its hostile behavior patterns. The hostile reaction having 
the lowest threshold in this species is generally little more than sporadic 
Wing and Tail Flicking with Crest Raising (low intensity Spread) 
appearing as the motivational levels rise. The hostile calls associated 
with weak activation of the attack and escape drives are rather rapid, 
low “bup bup bup’’ sounds, which often sound like a low guttural 
chuckle. These low intensity reactions are released by mild stimuli 
such as a human or even conspecific intruder beginning to approach 
the territory. 

Higher threshold responses are associated with an exaggerated 
spread of the breast plumage (giving the appearance of a large round 
shield thickly and heavily spotted with black). This display is 
accompanied by other plumage adjustments (see above) and is termed 
the Spread (Figure 2). Spread occurs in varying intensities depend- 
ing on the strength of the external and internal causal factors. Some 
of the various intensities are depicted in Figure 2. 

Wing and Tail Flicking are often seen in conjunction with Spread 
but are most evident in situations characterized by a fairly low level 
of both attack and escape drives. Consequently, Wing and Tail 
Flicking are most associated with the low intensity Spreads. Spread 
is typically oriented to direct the maximum area of the breast toward 
the opponent; whether in intraspecific or interspecific encounters. 
In order to “avoid’’ leaning too far forward or backward, the bird 
tends to perch nearly as possible at the same level as the adversary; 
especially when threatening from nearby. 

The following extracts from my notes will show typical responses 
from this species. 
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May 22 3 ica, N. Y.; 3:30 p.m.; Territory No. 1 in second growth beech- 
maple woodland. Incubation about 7 day The male is delivering advertising 
song from a conspicuous perch within : ut 60 feet of me. As I moved closer, he 
stopped singing and raised his crest slightly. As I continued to approach he uttered 
low chuckled “bup bup b1 1otes and zhtly spread his breast feathers. Some 
Wing and Tail Flicking stened a mustelina model to a branch of a maple 
sapling about 6 met« m the nest and level with it. The female was incubating. 
I retired to a p ubout 20 n downslope from the model and nest. The female 
i ; resumed advertising song. The male began 
foraging on the nd al 20 meters to my left and about an equal distance from 
the model \fter a few minutes he flew toward the model and perched within about 
a meter from i id wa umed instantly. The bird was silent. He hopped 

fluttered from ty o twig all around the model; Spread being adopted upon 
paus ne short bu ( pit pit pit” calls was made at this time. He 
finally perched right ne: » the model and delivered a light tap to it with his bill 
and in itly fled 1 short distance away he silently regarded the model 
which had falle: rd slightly by this time. He flew back to the model and 
resumed ind fluttering about interspersed with Spreads. Suddenly he 
composed his plumage and jumped to the back of the model and attempted coition. 
The nearly horizonta sition of the n may have been responsible for releasing 
l’s passiveness contributed also. He fluttered 

on the model’s back for a few seconds, his feet slipping repeatedly on either side of 
the model’s shoulders as his bill attempted to grasp a non-existent crest. He sud- 
denly flew to the ground and apparently foraged for a moment and then flew back 
und repeated his coition attempt without any preliminary Spread posture. This 
pattern of pting coition and flying to the ground was repeated 20 times before 
interest”’ ost! I retrieved the model and found that the lower back and 
rump were slightly damp with what was apparently seminal fluid. When I appeared 
to take down the ie again adopted low intensity Spread and uttered loud “bup 
bup but lls v sted until I left the vicinity. The female was still in- 


cubating 


continue 


May 22, 1954 i, N. Y.; 6:00 p.m.; Territory No. 2 in a Sambucus thicket 
area of second g eech-maple forest. Incubation just began. James M. 
Hartshorne and ched territory. Male raised crest and slightly spread 
breast feather emale on nest. We placed a speaker on either side of the nest 
I ) meters from nest and about 2 meters from ground. A mustelina 
model was placed atop the right hand speaker. While this was going on the male 
uttered almost constan ip bup bup” calls and was in perpetual low intensity 
Spread. We retired to about 15 meters from nest and played mustelina advertising 
song through the right hand speaker. The male instantly responded with advertising 
song of his own and s in high intensity Spread. He flew to about three meters 
from the spea nd n | but seemed “afraid’’ to gocloser. After eight minutes 
of this I switched left hand speaker without the model. The male again 
engaged in song du t seemed ‘‘confused’’ by model in one place and vocalizations 
in another \fte it minutes elapsed, I switched to the right hand speaker and 
played ‘‘pit pit j ills in conjunction with model. The female instantly left nest 
ind both “mobbed” speaker and model but did not approach closer than about 
ds adopted Spread postures and constantly uttered hostile 

ale and ‘‘pit pit pit” in female. Female seemed more 

After about five minutes of this, both birds retired 


und ea¢ 


three 





328 Dicer, Catharus and Hylocichla it. 


out of sight and were silent. Wing and Tail Flicking seemed more intense when 
Spread was of low intensity and rare during high intensity Spread 

June 2, 1953; Ithaca, N. Y.; 6:00 a.m.; Territory No. 11 in small maple in second 
growth beech-maple woodland. Young just hatching. Robert Stein and I were 
recording mustelina vocalizations. I put my hand on edge of nest, female left 
silently only to return instantly with high intensity attack consisting of swooping 
at me (Supplanting) and uttering high pitched “pit pit pit” calls. As she passed 
my head, she Bill Snapped loudly and a loud winnowing sound was heard at the same 
time. This apparently was made by the wings. The male did not supplant but 
remained a little distance away and constantly uttered slightly lower pitched ‘‘pit 
pit pit’ calls while in a medium intensity Spread. Some Wing and Tail Flicking 
The female attempted to supplant me as long as I remained at nest. 


The breast skin from a mustelina, dried with the feathers arranged 
in the Spread attitude was affixed to a wire and presented to ter- 
ritorial males. This was done upon six different occasions and on 
different territories each time. This arrangement was threatened 
in every case but never with the intensity elicited by a whole bird 
as represented by my models. Low intensity Spreads, and once a low 
“bup bup bup,”’ call were made but this was all it elicited and then 
only for a short time, about two or three minutes before it was ignored. 
One male gave it a tentative peck and fled. It would certainly seem 
that the expanded breast plays an important part in the effectiveness 


of the Spread but that the entire bird is necessary to release a maxi- 


mum response. 

The hostile vocalizations, other than the advertising song, seem 
to be merely the ‘“‘bup bup bup’’ sounds mentioned above given at 
different intensities so that they become higher pitched with increased 
motivation. The notes grade insensibly from these ‘“bup bup bup’’ 
sounds to a loud, high pitched “‘pit pit pit’ as the motivation level 
rises. There seems to be no special display pattern associated with 
higher escape motivation except for a general slimming of the plumage 
which is so common in many birds and may be partly an intention 
movement to fly. The bird simply flees when its escape drive is 
greatly in excess of its attack drive. 

When the attack drive is greatly predominant the bird delivers 
an aerial attack by swooping at the adversary while uttering high 
intensity hostile calls and Bill Snapping. Winnowing is sometimes 
heard during these Supplanting attacks and seems characteristic of a 
relatively high intensity attack drive (see June 2 field notes above). 
This is most often heard when the birds have young in the nest. 

Gaping has not been observed during supplanting attacks and 
seems to be confined to encounters between perched birds. Bill 
Snapping is usually confined to flying attacks. Gaping is associated 
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with more nearly conflict situations between attack and escape, and 
Bill Snapping with much higher relative attack motivation. En- 
counters between birds perched in close proximity often lead to Gaping 
by at least one of those involved. Bill Snapping is probably associated 
more with flying attacks because Gaping or other visual displays 
would necess ‘ be shown too briefly under such circumstances to 
be as effective as an audible display such as Bill Snapping. 

Gaping is common in the Horizontal Fluff. This posture seems 
to be prompted by a rather sudden and close confrontation of a 
situation stimulating intense conflict between attack and escape. 
[ have noticed what seems to be an identical posture in the American 
Robin (7 urdus migratorius) in response to similar stimuli. I have not 
seen this display often enough in mustelina to feel at all sure of its 
motivational level. Consequently I have not included it in Figure 6 
although it undoubtedly belongs along the line of increasing general 
motivation; probably somewhere above the middle. The head 
plumage is tightly compressed, which is apparently indicative of the 
escape component of the posture, and the enormously fluffed body 
plumage is indicative of the attack component of the posture. The 
following observation will serve as a good example of a situation 


prompting Horizontal Fluff 


On October 23, 1955, I threw a live earthworm into the cage (containing a Wood 
Thrush, an Olive-backed Thrush, and a Hermit Thrush. This latter individual 
was socially dominant over the Wood Thrush and usually had little difficulty in 
stimulating fleeing in it) and the Wood Thrush grasped it in its bill and was pre- 
occupied with the worm when it immediately received a strong Horizontal Stretch 
with Gaping from the Hermit Thrush. The Wood Thrush, instead of instantly 
fleeing, dropped the worm and assumed the Horizontal Fluff, whereupon the Hermit 


Thrush fled 


Crest Raising, employed often enough without Spread to warrant 
separate consideration, is very much like the Tail Raising of the Hermit 
Thrush in action and motivation. The reddish crest feathers are 
quickly raised and rather slowly lowered and may serve as a species- 
specific recognition signal as well as having other hostile components. 
Like Tail Raising in guttatus, the crest is raised and lowered upon 
almost every major shift in the bird’s position. 

The advertising song consists of a series of flute-like phrases which 
ire grossly similar to those of guttatus although louder and lacking the 

tranquil’’ character of the latter. Bent (1949: 115) includes a 
rather good description of the advertising song. As mentioned 
above, the ivertising song may be given in conjunction with the 
Spread display but usually not unless the adversary is in sight. I 





Diucer, Catharus and Hylocichla 


A 





t 
Tt 


9 song in —— encounters ) 
sing song in intraspecific encounters ) 


Supplanting and Bill Snapping 


ond frequently with 








t 
t 


specific encounters) 





ing 


Spread 
("pit pit" calls common 
<1 all intensity Spreads 
and advertising song 
given during intraspecific 
encounters ) 





Vv 


fleeing (usually silent) 


l 
! 





t 


silent — rare in int 


snatches of adverti 
A 
Vv 


Crest Raising 
(low intensity Spread) 





f 
f 
4 


g (generally 


Supplonting, Bill Snapping and Winnowi 


d frequently with snatches of advertisin 





f 


"calls 


f 


Supplantin 
A 


"calls an 


Wing and Tail 
Flicking 
A 





i 


(generally mn pit 


< 


: 
i 
: 
e 
5 
; 
s 
i 
8 
g 





~— with “pit pit 





————Increasing relative strength of attock drive 


Increasing relative strength of escape drive-——————> 


Ficure 6. Diagram of the hostile behavior patterns of Hylocichla mustelina. 
See text for explanation. 
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have often watched birds engaged in song duels with my loudspeakers, 
gradually working closer until the model atop the speaker was sighted. 
At this instant the bird would adopt the Spread display and usually 
continue singing. Out of the 130 separate experiments with speakers 
and/or models that I performed on mustelina territories, I observed 
15 instances of advertising songs preceded by 2 series of very high 
pitched, querulous notes (distinct from the ‘“‘bup bup bup’’ calls) 
which gradually increased in frequency of deliverance until they 
graded insensibly into the song. In each of these cases the bird was 
hostilely motivated by a speaker and/or model. It is apparent that 

1 does not employ the wide variety of hostile sounds exhibited 


by each of the Catharus species nor does it have as many or as varied 


other hostile displays 
scens), EASTERN Hermit TurusH (C. 
axont), EASTERN OLIVE-BACKED THRUSH (C. ustulatus swatn- 
and BICKNELL’s GRAY-CHEEKED THRUSH (C. minimus bicknellt). 

These four forms, with few exceptions, exhibit similar non-vocal 
displays. Their hostile vocalizations, however, are mainly different 
and will be treated separately. The chief differences among the non- 
vocal hostile displays employed by these species seem to involve dif- 
ferences in releasing threshold values. This is easy enough to see 
in the field but difficult to measure exactly without a great deal of 
quantitative study 

Low general motivation of both drives in balance is associated with 
Foot Quivering, a display not used by mustelina. Wing and Tail 
Flicking and slight Crest Raising are also associated with a low general 
motivation of both drives in balance but are not as indicative of as 
low a general motivation as is Foot Quivering. 

Foot Quivering was first seen in a captive Veery, and some plausible 
explanation was sought The one that seemed most likely at the 
time was thought to have something to do with food getting. 
It was supposed that the bird might employ these movements 
to flush insects from the detritus of the forest floor. This idea was 
consistent with what has been observed in many species of birds 
that use the feet in some way to help flush prey from hiding 
places in mud, water, or some other substrate. Tinbergen (1953) dis- 
cussed this behavior in birds and refers to it as ‘‘paddling,” which 
implies a slower type of motion. I have seen motion pictures of 
various wading birds foraging slowly in shallow water and stirring 
the bottom with one foot while watching the spot being agitated. 
In every case the foot motion was quite deliberate and rather 
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slow although this did not necessarily invalidate the possible insect- 
flushing function of Foot Quivering in Catharus. 

I have looked for this behavior in the wild and have never seen it 
employed by a foraging bird. However it has frequently been seen 
in mild conflict situations (e.g., conflicts between attack and escape, 
feeding and sex drives). All four species have been seen engaged 
in this behavior in the wild, and I have seen it many times in my 
captive birds (guttatus, ustulatus, and fuscescens). It is often seen 
because of its low intensity nature. It is not oriented toward an 
opponent in any way as is Gaping, for instance. 

The following two extracts from my notes are typical observations 
involving Foot Quivering. 


May 30, 1954; Ithaca, N. Y.; 7:00 a.m.; fuscescens territory No. 5. Nest not 
found. A speaker was placed in a small sapling and I retired to about 15 meters 
from speaker. Before I began to play sound through the speaker, a fuscescens 
flew to the sapling containing the speaker and “‘investigated’’ it. He fluttered and 
hopped all around about the speaker, dancing from twig to twig and Foot Quivered 
incessantly. I switched on fuscescens advertising song, and he immediately fled to a 
tree about 20 meters away and began to sing. He then gradually worked his way 
back to the speaker, singing snatches of advertising song all the while. He began to 
look for his adversary, but since I did not have a model associated with the speaker 
he had nothing against which to orient an attack. One Upward was made in front 
of the speaker and about a foot from it. Except for advertising song, however, he 
did little except behave in a very agitated manner—flitting from perch to perch, 
never still for an instant. The advertising song was very faint when he was close 
to the speaker but much louder when he happened to be some distance away. By 
turning down the volume, I could lure him back, and by turning it up, I could send 
him away. Apparently the louder the song, the greater the amount of relative 
escape motivation experienced by the bird. 

May 9, 1955; Ithaca, N. Y.; 5:00 p.m.; captive gutiatus (hand raised since 5 days 
old). A bottle of ink was placed in the cage (strange object) and the thrush regarded 
it for a moment from his perch, first with one eye and then with the other. He then 
hopped to the floor of the cage and gradually approached, Foot Quivering all the 
while. He finally reached the bottle in a circuitous fashion, stili Foot Quivering, 
and gave it a slight peck, whereupon he immediately compressed his plumage and 
fled only to remake his Foot Quivering approach as before. . . . Here the conflict 
seemed to be between approaching and investigating the bottle (attack) and fleeing 
from it (escape). 


Gaping in Catharus is much the same as it is in Hylocichla mustelina. 
It was once observed employed during an Upward display assumed 
by a fuscescens. This must be rare as 27 encounters utilizing Up- 
wards were seen involving fuscescens and Gaping was observed only 
that one time. It is most frequently seen in conjunction with the 
Horizontal Stretch and, to a lesser extent, the Withdrawn. The 


mouth linings of these species are also bright yellow. Bill Snapping, 
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as in H. mustelina, is associated with relatively higher attack motiva- 
tion than is Gaping and is usually given by a bird making a supplant- 
ing attack prompted by a relatively high attack drive. These forms 
also employ Wing and Tail Flicking in much the same context as does 
H. mustelina (see above Wing and Tail Flicking have never been 
seen in conjunction with the Upward display. The Upward display 
is characteriz , the nearly vertical position of the bird and the 
extreme compression of the plumage (Figure 3). Upward has been 
seen only in intraspecific encounters. It is apparently indicative 
of a fairly high general motivational level with the attack and escape 
drives i balance, with attack perhaps slightly predominant. 
ight yellow base of the mandible is displayed con- 
spicuously during this posture and, interestingly enough, it is minimus 
that employs this posture most often and in which it seems to have 
the lowest ho! ially both birds involved in the hostile 
situation will ] n Uj n more or less unison while facing 
generally but a few inches apart. Hartley (1949) 

ribes a similar posture in the Mourning Chat (Oenanthe lugens) 
except th the belly and lower breast feathers were fluffed. The 
ilso seems very like the Head Up posture, 

1 motivation, described by Hinde (1952) 

Ljor The Upward posture varies some- 


In minimus, the br 


irying strengths of motivation. Upwards 
prompted by k motivations (for Upwards) are often difficult to 
distinguish fron dinary intention movement to fly up. Some- 


times one Upward will prompt simple fleeing in the opponent. More 
often, however, both birds will perform one or more Upwards before 
one begins 1 i vehavior n learly associated with increasing 
relative ngth of ipe drive. The following, taken from my notes, 
will serv ; xamples of encounters involving Upwards. 


Y.; near summit at 9:00 a.m. While 
pruce and balsam cover I heard several 
iately lay stilland watched. Next 

it, through a small opening ahead of 
within about four meters from me. 

ym something. All of a sudden a 

i about a foot from the first bird 

ond bird also assumed an Upward 

time and the first bird gaped, 
promptly flew off without being 


eech-maple woodland on shore of 
n rather large maple branch about 
; soon as fuscescens advertising song 
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begins to play over the speaker, one (fuscescens) flies in and alights in front of the 
model which is perched atop the speaker. He immediately assumed an Upward, 
followed by two more. He then flew away and began to answer the speaker with 
advertising song. 

June 5, 1954; Ithaca, N. Y.; 1:00 P.M. possible (gutiatus) territory in beech-maple 
forest near margin of power line cut. A model of gutiatus was placed in small sapling 
near where one was heard singing a moment before. After a few minutes the bird 
resumed advertising song. Soon one (guflatus) appeared which landed close to 
model and assumed an Upward. He relaxed in about two seconds and pecked at the 


model and fled. 
June 6, 1954; Ithaca, N. Y.; 7:00 a.m. possible (guéfatus) territory near small 


pond in beech-maple woodland. While sitting quietly on a fallen log, I noticed one 
(guttatus) fly to a nearby branch and begin to sing. Almost immediately a second 
bird flew in and landed in front of the first and both adopted Upwards simultaneously 
as far as I could tell. Three more Upwards were made in unison whereupon the 
second bird adopted a Horizontal Stretch with Gaping and the first bird did likewise 
but followed almost immediately with a Withdrawn, Wing Flashing (single) and 
fleeing. The second bird made many intention movements of attack (Wing Flicking 
and thrusting forward with the head) while in the Horizontal Stretch. It looked as 
though the first bird was an interloper on the second bird’s territory. 

As may be seen from the last incident taken from my notes, a rather 
complicated series of displays may ensue before one of the contestants 
actually flees. If, after an Upward or two, the less aggressive bird 
does not flee, it will most likely adopt the Withdrawn display (Figure 
4) while its opponent adopts the Horizontal Stretch display (Figure 
4). Both birds may adopt the Horizontal Stretch and a varying 
amount of ‘‘see-sawing’’ back and forth ensues. These ‘‘see-sawing”’ 
encounters probably occur because as one bird advances his attack 
drive gets relatively lower and the escape drive gets relatively higher, 
causing him to retreat. The same is true for his opponent and con- 
sequently the alternate attacking and retreating occurs. Eventually 
one bird will most likely adopt the Withdrawn display and, if no un- 
expected reversal takes place in the relative aggressiveness between 
the two birds, a single or double Wing Flashing will ensue before 
actual fleeing takes place (Figure 5). Of course, one bird may flee 
at any point in this series of events. Sometimes a fleeing bird is 
pursued by its opponent and sometimes not. Intraspecific encounters 
very rarely lead to a Bill Snapping supplanting attack as is usually the 
case with interspecific encounters. Most of the encounters involving 
this rather elaborate series of hostile displays are between the sexes, 
although they are often seen during encounters between males. The 
encounters between males and females lead to more nearly balanced 
conditions between attack and escape drives. The males are moti- 
vated to drive the females away from their territories, and the females 
are strongly motivated to remain. Rival males that trespass are 
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usually driven away with relative ease. A simple supplanting attack 
usually suffices although occasionally males will have enough attack 
motivation to remain for a varying length of time before being driven 
away. In these circumstances one is apt to observe more displays. 

Tail Raising, employed characteristically only by guttatus, seems 
to be the only unique display among these four species. I have not 
seen it performed by any of the other species, but Bent (1949: 218) 
relates an instance where, seemingly, a fuscescens employed Tail 
Raising in conjunction with an Upward. Certainly this cannot be 
usual or characteristic. Ordinarily it is performed by a Hermit 
Thrush (both sexes) just once after every major shift in position made 
by the bird. The tail is raised rather quickly and lowered to the 
normal position quite slowly. This movement is correlated with 
the reddish tail of the Hermit Thrush just as the Crest Raising of the 
Wood Thrush is correlated with the reddish crown. The motions of 
display are similar in both cases; a rather quick initial movement and 
a slower second movement. These displays have undoubtedly 
evolved to ensure maximum conspicuousness; this particular com- 
bination of speeds of movement renders the displays most noticeable. 

In ordinary Tail Raising, the tail is not raised much more than 30 
degrees from the horizontal, and no other part of the bird is involved 
in this display, which seems to serve chiefly as a species-specific 
recognition signal. The following account, taken from my notes, 
suggests one of the uses of this display. 


May 30, 1954; Ithaca, N. Y.; 8:00 a.m. in beech-maple woodland near beaver 
pond on Connecticut Hill. I was watching a (fuscescens) territory. The male was 
uttering advertising song from a perch about 3 meters from the ground and in full 
view. The nest hasn’t been found yet. While watching him (fuscescens) I heard 
a slight scuffling in the leaves and turned to see a guttatus foraging along on the forest 
floor and coming toward the fuscescens which hadn’t seen him yet. All at once the 
fuscescens saw the guttatus and made an obvious intention movement to fly down 
in a supplanting attack, but at this instant the guttatus flew upward to a small twig 
about a foot from the ground and Tail Raised whereupon the fuscescens immediately 
subsided, bill wiped and sat erect on the perch and began to sing once more. The 
guttatus continued to forage through the fuscescens territory and out of my sight. 


In situations characterized by higher attack and escape motivations, 
however, the frequency of Tail Raising increases markedly and the 
tail is raised much higher than is usual. The belly plumage is fluffed 
as the tail is raised and becomes more compressed as the tail is lowered. 
This display, used only by guttatus, is characteristic of motivational 
levels of attack and escape above Foot Quivering but not as strong 
as those eliciting Upwards and the other displays noted. The fol- 
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lowing incident will provide a typical instance where this higher 
intensity Tail Raising is seen. 


July 19, 1954; Ithaca, N. Y.; 7:30 a.m. in beech-maple woodland near beaver 
pond on Connecticut Hill. I placed a gutfatus model in a small sapling near where 
I had heard one (guttatus) singing a moment before. After several minutes had 
elapsed, one (guttatus) came into view on the forest floor. He hopped from twig to 
twig closer and closer to the model, Tail Raising all the while. He finally perched 
directly in front of the model and did an Upward and flew away. He was silent the 
whole time. 


A slight raising of the crest is sometimes noticed in conjunction 
with the higher intensity Tail Raising. This and the ventral fluffing 
may be thought of as homologous to the Spread display of H. muste- 
lina. However, Crest Raising and other erections of the plumage are 
common among many forms of birds and no special emphasis need be 
placed on this display of guttatus as evidence for close relationships 
between guttatus and mustelina. Except for the common thrush 
hostile patterns of Gaping, with conspicuous yellow mouth lining, 
Bill Snapping, and Wing and Tail Flicking, H. mustelina and the four 
Catharus species are very different in their important hostile behavior 
patterns. 

The four species of Catharus are not nearly as vocal as is H. mus- 
telina although they do seem to possess a greater variety of sounds. 
Their hostile calls, for the most part, are not clearly the result of 
varying the pitch of the same utterance in response to greater force 
of delivery owing to higher motivation. The relatively low intensity 
hostile sounds are very different among the species, particularly the 
species most often in contact. The highest intensity hostile utterance 
of all, and one which has the highest threshold, is a rather high- 
pitched, querulous, snarling sound. This sound, with almost im- 
perceptible differences, is common to all four species. It is uttered 
rarely and only under extreme attack motivation. This sound is 
quite similar to the nasal snarl of the Red-eyed Vireo (Vireo olivaceus). 
The species which seems to have the lowest threshold for this sound 
and the one which has been heard to utter it the most often is ustulatus. 
It may be that it has had its threshold lowered by the selective pres- 
sures supplied by the somewhat ecologically competing Red-eyed 
Vireo. 

The only other hostile utterances that sound somewhat similar are 
the “veer” call of fuscescens and the ‘‘beer’’ call of minimus. These 
two calls are occasionally reciprocally confused by these two species 
(Figure 8). Since these two species are rarely sympatric, species 
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recognition difficulties are unlikely to arise despite the occasional 
confusion of these two notes 

Hostile vocalizations of the Veery (C. fuscescens).—The hostile 
calls of the Veery consist mainly of the ‘‘veer”’ call mentioned above, 
which is given in addition to advertising song in intraspecific en- 
counters and usually without advertising song in interspecific en- 
counters At low gener il intensities of both drives, a rather pleasant, 
easily imitated, ‘“‘pheu’’ sound is heard. Sometimes in rather high 
general intensities of both drives a series of faint, high pitched, windy, 
squealing sounds are uttered which may become more and more 
rapid, as the attack drive becomes relatively stronger, until they 
blend insensibly into a faint but perfect rendition of the advertising 
song 

3ent (1949: 225) describes the advertising song as ‘“‘a series of 
four or five downward-inflected phrases with a smooth transition in 
pitch, the final note prolonged and rolling, and each phrase a little 
lower than the one before it.’’ The song gives the impression of a 
descending spiral. During intraspecific encounters (a speaker emit- 
ting advertising song) the advertising song seems to be characteristic 
of relatively high attack motivation. The louder the song from the 
speaker, the higher the relative escape drive becomes in the bird. 
By increasing the volume of the speaker while it was being threatened 
by a territorial male, the bird could be made to flee and, conversely, 
by turning the volume down, the bird would become emboldened 
because of its increasing relative attack motivation prompted by the 
fainter advertising song from the speaker. This was true of all the 
species (see the May 30 observations given on page 332). By a careful 
adjustment of the volume while watching the behavior of a bird a 
point could be reached where the attack and escape drives were 
judged to be exactly balanced Under these circumstances the bird 
would engage in perfunctory preening, bill wiping, ‘yawning,’ or 
some other apparently irrelevant activity. Yawning may be distin- 
guished from Gaping by the context of the act and by the fact that 
the bill is opened and shut much more quickly in ‘“‘yawning.’’ Many, 


if not all, of these are possibly displacement activities, but it is difficult, 
as I have said, to be sure. What the bird was doing immediately 
prior to the conflict situation seemed to have something to do with the 
resulting type of irrelevant activity indulged in. Preening seemed to 
occur most often in H. mustelina as it usually was in some intensity of 
Spread (very much like the preening postures in many respects) when 
thrown into a conflict situation between attack and escape. The 
other species, when in the Horizontal Stretch, would usually bill wipe 
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or even scratch the head with a foot. I never could induce irrelevant 
activities while the birds were doing Upwards. Usually the attack 
and escape drives, even when in balance, were too high for Foot 
Quivering to occur, so I never observed what a bird might do as a 
possible displacement at that level of motivations. The following 
excerpt from my notes is a characteristic observation involving possible 
displacement activity. 


May 28, 1954; Ithaca, N. Y.; 9:15 a.m.; beech-maple woodland near Beebe Lake. 
Placed a speaker on (fuscescens) territory (female building). The speaker was 
about two meters high in a small maple. I sat on a log about eight meters away. 
As soon as fuscescens advertising song began to play over the speaker, the male 
(fuscescens) flew straight in toward the speaker and behaved in a very agitated 
manner. He seemed to be looking for an adversary but could not, of course, find 
one. While he was Wing and Tail Flicking a foot or so from the speaker, I suddenly 
turned the volume up. He fled instantly. I turned the volume down and he 
returned. I did this four or five times and then, carefully watching the bird, I 
turned the volume up slowly until, judging by various flight intention movements, 
I had the bird “‘teetering’’ between attack and escape. At this point he vigorously 
bill wiped. 


The speaker always elicited a quick response when advertising 
song was played on a bird’s territory. A song duel with the speaker 
typically took place as the bird worked closer to the source of sound. 
If a model was placed on or very near the speaker the hostile responses 
were directed at it. If the speaker was used alone the displays were 
directed at the speaker itself, although not usually as intensely as 
at a model. A model placed more than two or three meters from 
the playing speaker generally received little attention. If the speaker 
was shut off under such circumstances, however, then the model 
began to receive some hostile attention. This generally did not 
occur right away, however. Usually a few moments would elapse 
before the bird ‘“‘discovered’”’ the model. What probably happens 
is that the bird takes some time to get rid of its “after discharge”’ 
of motivations prompted by the speaker. This period, after intense 
motivation, may last as long as 15 or 20 minutes, although not nearly 
as long as this if a model is present to attract attention. Dr. Konrad 
Lorenz tells me that this is an exceptionally long period for an “‘after 
discharge’ to last. I am quite sure that the birds were not reacting 
to the silent speaker as I experimented with each individual but once 
every few days in order to minimize the effects of any habituation 
to the experimental procedures, furthermore, the ‘‘after discharge”’ 
was every bit as long for individuals experimented with the first time. 

Hostile vocalizations of the Hermit Thrush (C. guttatus)—The 
hostile calls of the Hermit Thrush are mainly a rather harsh “‘chuck’’ 
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and a hoarse unary-like eeeeep’’ with a rising inflection. There 
is also a thin Cedar Waxwing-like ‘‘eeee’’ (not as mellow or as per- 
sistent as a somewhat similar call in fuscescens). ‘The ‘‘seeeeep’’ call 
seems to be characteristic of low motivation of attack and escape and 


is followed at higher general motivations, by the ‘“‘chuck’’ note and, 
ecomes relatively stfong. It 
is difficult to gain an accurate appraisal of the different calls of these 


four species as they are not as vocal in their hostile behavior as is the 


finally, the eceeeeee calls as attack 


noisy H. mustelina 

The advertising song of guttatus is a series of fine flute-like phrases 
similar in some respects to that of H. mustelina. Bent (1949: 156) 
says that the song is ‘‘made up of rather long phrases of 5 to 12 notes 





each, with rather long paus¢ All the notes are sweet, clear, and 
musical, like the tone of a bell, purer than the notes of the wood 
thrush, but perhaps less rich in quality It is my definite impression 


that guttatus, except for the advertising song, is the least vocal of 


these four species 

Hostile vo tions of the e-backed Thrush (C. ustulatus).—The 
hostile calls of the Olive-backed Thrush are a “‘peeep’’ very similar to 
the note of the Spring Peeper (Hyla crucifer), and which seems most 
characteristi f relatively and actually low attack motivation, and 
a rather harsh huck-burr’’ note, strongly reminiscent of a similar 


note made by the Scarlet Tanager (Piranga olivacea), and which seems 
to be associated with relatively, and/or actually, high attack mo- 
tivation 
The advertising song of this species is one of the continuous rather 
| 
than the phrase-type songs Unlike fuscescens, the song seems to 
I | : £ 


spiral upward. Bent (1949: 184) records the song as saying ‘‘whip- 
poor-wi e-zee-zee, going up high and fine at the close. Some- 
times there 1 n extra a 

Hostile vo cations of the Gray-cheeked Thrush (C. minimus).— 
The Gray-cheeked Thrush has a harsh ‘“‘beer’’ note reminiscent of a 
similar sound produced by the Nighthawk (Chordeiles minor). This 


note appears to be homologous with the ‘‘veer’’ call of fuscescens, a 
species with which it is rarely sympatric. The “beer” call seems to 


vary somewhat in pitch and quality depending on the intensity of 
motivation [here is also a whistled ‘“pheu’’ note similar to the one 
given by fuscescens, although differing in quality. This sound seems 


to be associated with low threshold responses. 

The advertising song is of the fuscescens type. It is of a thinner, 
windier character than those of the others and does not appear to 
carry as far. ‘There are two or three introductory notes that cannot 
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be heard unless the observer is quite near. The remainder of the 
song follows immediately. Wallace (1939: 309) renders the entire 
song of Bicknell’s Gray-cheeked Thrush as ‘“‘chook-chook, wee-o, wee-o, 
whee-o-ti-t-ter-ee.’’ The first two or three notes are slurred downward 
but in the middle of the song there is a break and the remainder 
rises in pitch to the end. Unlike the other species, minimus bicknelli 
has a well developed flight song. Wallace (1939: 309) discusses this 
phenomenon. I have only heard it given during the deep gloom of 
late evening. This song is essentially like the ordinary song but more 
rapid. On the few occasions when this song was given while it was 
yet light enough to see, the bird rose on rapidly beating wings from 
the stunted balsams and swiftly circled around over the tree tops 
giving its flight song the entire time. When finished, the birds 
drop abruptly back into the trees, often only to take to the air again 
immediately and repeat the entire performance. Several birds may 
be in the air at once and little regard for territorial boundaries is 
observable. Birds down in the thick spruce and balsam cover con- 
stantly utter high intensity ‘‘beer’’ calls and ordinary advertising song. 
Much more study is necessary before the exact nature of these occur- 
rences will be understood. The following extract from my notes 
provides a typical observation on flight song. 

June 12, 1953; Whiteface Mt., Essex Co., N. Y.; 8:45 p.m., cool, breezy and over- 
cast. Wisps of mist blowing up from below through the stunted balsams and 
spruces. Nearly dark. Many (minimus) singing all around. One individual 
could be dimly seen as it rose straight up from the concealing vegetation on rapidly 
beating wings, it then straightened out and swiftly flew around over a considerable 
area (about 30 meters in diameter) uttering a continuous variation of the advertising 
song. In about 10 seconds it dropped abruptly into the thickets. Others could 
be heard engaging in this flight song but were only dimly seen twice. The thickets 
concealed what sounded like dozens of individuals giving ordinary advertising songs 
and uttering loud “‘beer’’ calls. 

Like many species, those of Catharus and Hylocichla have two main 
song periods during the day; one in the evening and the other in the 
early morning. Unlike many species, however, the more active period 
is in the evening. This is most noticeable in minimus. Its periods 
of most intense activity are short in duration but very intense and 
occur chiefly just after sunset and just before sunrise. These periods 
of intense activity are only about 20 minutes to a half hour in duration 
but may be a little longer on cloudy days. All of these species may 
be heard to utter advertising song and other vocalizations at night, 
but minimus appears to do this most frequently and, as a matter of 
fact, seems more vocal during the night than during the middle of 
the day. 
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Explanation of hostile behavior diagrams (Figures 6 and 7).—The 
f H. mustelina is diagrammed in Figure 6 and that 


hostile behavio1 
of the four species 
tensities of attack and escape motivations (actual strength) are 
plotted from the bottom of the page to the top. Displays most 

h varying degrees of attack motivation are 
plotted to the left of the line indicating increasing general intensities 
of attack and escape drives, and displays most closely associated with 
increasing relative strength of escape motivation are plotted to the 
right of this line By studying these diagrams it may be seen that the 
relative strength of one drive may be quite low even though the 
actual strength of both drives may be very high and also it may be 
noticed that the actual strength of one drive may be quite high al- 
though the relative strength is low. Two ideas must be kept in mind 
if a full understanding of the diagrams is to be attained. One is 
that the postures listed along the line of general intensity of both 
drives might best be imagined as being slightly skewed toward the 
attack side; more so as the motivations rise. The other is that the 
various behavioral patterns are not as canalized as the diagrams may 
appear to make them. The arrows merely indicate the directions of 
increasing intensities of the actual and relative strengths of the 
drives. The various strengths, actual and relative, can fluctuate 
back and forth in an infinite variety of combinations and expressions 


of Catharus in Figure 7. Increasing general in- 


closely associated wit 


within the framework diagrammed 

Wing and Tail Flicking, without the Spread posture, in mustelina 
is indicative of rather low intensity of both attack and escape drives 
(see field n s 327 and 328 My captive birds commonly 
performed Wing and Tail Flicking and only rarely adopted the Spread 
which was generally in response to a passing dog or other animal. 
If the escape drive becomes much stronger than the attack drive, 
simple fleeing takes place, as it apparently does from any hostile 
motivational level in this species. If the attack drive is stronger 
than the escape drive, the bird may perform any of the displays 
associated with a relatively high attack motivation, depending on 
the relative amount of this motivation. If the attack drive is 
relatively low, simple Supplanting is most likely to result. If the 
attack drive is relatively higher, Bill Snapping, Winnowing, and 
vocalizations may result, as well as Supplanting. The hostile mo- 
tivational level may rise to the levels typified by the various degrees 
of Spread. Here, the same thing occurs depending upon which, if 
either, of the drives becomes relatively stronger. It is possible, in all 
of the species, for the hostile motivation to rise with both drives in 
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FicurE 7. Diagram of the hostile display patterns of Catharus fuscescens, C 
guttatus, C. ustulatus, and C. minimus. See text for explanation. 
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virtual balance and then diminish without any overt display clearly 
associated with either attack or escape. This would most likely 
occur in intraspecific situations rather than interspecific situations 
(see below 

The sam interpl iy of relative and actual levels of motivation is 
true also for the other four species (Figure 7). During interspecific 
encounters, however, the Upward is omitted. It is interesting to 
note that these species have more postures associated with relatively 
higher escape motivation than does H. mustelina. The behavior 
in general appears to be more complicated and this may indicate that, 
as far as hostile behavior is concerned, they are more primitive. This 
type of hostile behavior is much more like that found in non-passerine 
birds such as the ducks (Lorenz, 1951) and the gulls (Moynihan, 1955a; 
Tinbergen, 1953 In regard to hostile behavior, these four species 
resemble a h, the Three-spined Stickleback (Tinbergen, 1948), 
more closely in they do birds such as the Estrildine ploceids, for 
example, Black-headed Nuns, Lonchura punctulata (Moynihan and 
Hall, 1954); Spice Finches, L. ferruginosa (Moynihan, pers. comm.) ; 
and Zebra Finches, Poephila guttata (Morris, 1954). It seems possible 
that the simpler hostile behavioral patterns are more specialized 


than are the more complex ones such as demonstrated by the four 


Catharus spe 
Comparison between intraspecific and interspecific patterns.—There 
is a tendency toward fewer displays associated with interspecific 
encounters than are typically associated with intraspecific encounters. 
Many of the displays associated with interspecific encounters also 
tend to be of shorter duration. This may be due to the fact that 
the drives are less often in approximate balance during interspecific 
encounters, or it is possible that the releasing thresholds of the hostile 
displays have been shifted. The Upward is omitted in interspecific 
encounters by the four Catharus species and the Horizontal Stretch, 
Withdrawn, and Wing Flashing are rare. Silent Supplanting is 
rare in mustelina during interspecific encounters. Spreads are typical 
in interspecific encounters but are usually shorter in duration than 
they n intraspecific encounters 
biologically advantageous to have a reduction in 
the display sociated with interspecific encounters in case the 
oppon ig hostile behavior is physically dangerous. In 
addition, most of the displays are probably not mutually ‘‘understood”’ 
interspecifically and therefore their employment is probably selected 
against unless there are definite selective pressures for their use 


derived from competition. The interspecific hostile displays which 
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occur among the species of thrushes studied seem mainly those they 
possess in common. The hostile displays seen in various combina- 
tions of species including Turdus migratorius, Sialia sialis, H. mus- 
telina, and these four Catharus species are Gaping (all of these have 
bright yellow mouth linings), Wing and Tail Flicking, Supplanting, 
and simple fleeing. More interspecific displays are seen in captive 
birds than are typical of wild situations, but in captivity the birds 
are unable to flee far and are forced into an unnaturally great amount 
of competion over food, water, and space. This may result in a 
greater amount of conflict between the attack and escape drives. 
Even under these conditions, however, the Upward is not seen in 
interspecific encounters. 


SEXUAL RECOGNITION AND PAIR FORMATION 


Since the sexes in Hylocichla and Catharus cannot be distinguished 
by their external appearance, behavioral clues were assumed to be 
utilized by the birds to facilitate their sexual recognition. Allen 
(1934), working with the Ruffed Grouse (Bonasa umbellus) and 
Nice (1943), working with the Song Sparrow (Melospiza melodia) 
have shown that behavioral patterns are responsible for sexual recog 
nition in these species. 

Males of all of the species of Catharus and Hylocichla arrive on the 
breeding grounds ahead of the females and set up and defend ter- 
ritories against birds of their own species. The females, after arrival, 
attempt to invade the territories belonging to males of their own 
species. This invasion elicits hostile behavior on the part of both 
the resident male and the intruding female. The principal differences 
between the behavior of a trespassing male and the newly arrived 
female is that the former almost always flees from the attacks of the 
resident male and an intruding female tends to flee but persists in 
remaining within the resident male’s territory. This leads to a 
situation where much mutual hostile displaying occurs, since the 
drives of both birds are strong and typically in fairly close balance. 
In addition, the male’s hostile behavior is augmented by a noticeable 
increase in advertising song. This is a territorial defense reaction 
to the intrusion by the trespassing female, but at the same time it 
probably raises the level of her motivation to remain. Her sex 


drive may be an important stimulus here. 

Since it is usually impossible to distinguish the sexes in the field 
unless a bird utters advertising song, it was difficult to understand 
much of the behavior seen. Consequently, an effort was made to 
collect as many as possible of the fleeing birds engaged in intraspecific 
encounters. 














Sevent uch fleeing birds were llected; Catharus minimus, 1; 
( tulatu ( ittatus, 4; C. fuscescens, 5; and Hl. mustelina, 2. 
Ten of the pecimens had fled from the resident male’s territory 
ind prove upon di i¢ to be lult males themselves. Five 
of these specimens did not flee from the territory of the resident male 


proved, upon dissection, to be female The remaining two specimens 
require co1 nt. On female mustelina, had fled straight away 
from the resident male’s territory and showed no indication of being 
motivated to return. In this case the bird may have already been 
mated and was really trespassing, or the male may have had a mate. 
The other case was a female guttaius that fled straight away upon 
receiving an Upward and Horizontal Stretch (in that order) from 
the resident male, but this bird could not be collected at that time 
and before I could get a clear shot she had returned and was being 


»y the male, tends to remain 
within his territory, more or less circular flights result. These have 


f 
a 
= 

/ 


1 


been terme courtshi i1 rious places in the literature, e.g., 
Bent 949: 104 Early in the pair-formation period these flights 
tend to b wild nd clearly associated with attack and escape 
motivations, but i lay or two they become progressively more 
leisurel nd even approacl condition that might be described as 
sedate Here the birds fly rather slowly and deliberately. In the 
four authenticated c: the pursuer or both birds being collected) 
the pursuer | lways the male Frequent pauses are made during 
which the birds perch about th me distance apart as they were 
when flyit [hey remain motionl for a few seconds until the 
leisurely pursuit is resumed I have watched a pair of mustelina en- 
gaged in this behavior at a time when the female had a completed 
clutch of « he ir bond seems to be formed when the pro- 
gressive lessenit f mutual hostility reaches a point where the male 

n his territory. This period seems 
to take three or four n all of these species. The following, 
taken from 1 tes, will illustrate typical observations on the pair 


rormati l 
May 15. 1 I N. ¥ Mi 1-maple woodland. .. . female(?) 
nustelina) t round about through territory by male. Chase very 
vift a I v 
May 1 ume | y ve female (same one seen on 15th?) 
carrying nesting material to c1 h it l { ipling. Nest looks as though 
it v just bes } { 
June 16, 1954; Whiteface Mt., Essex Co., N. Y.; 7:00 a.m. in dense balsam thicket. 


Two (n ngaged i ircuit flight around bases of balsam trunks, 
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very close to ground. The pursued bird seems to be motivated to persist in re- 
maining in vicinity which may be male’s territory. 

June 19, 1954; (same locality as above, 6:30 a.m.). Two individuals (minimus) 
seen foraging together in same area. I was unable to collect either bird but they 
seemed to be a mated pair. 


This type of pair-bond formation is quite similar to that of the 
Willow Warbler, Phylloscopus trochilus (May, 1949). Hostile be- 
havior may be observed between a mated pair throughout their 
time of association. Individual distance apparently is overcome 
completely only during copulation and then only because the attack 
and escape drives of both birds are temporarily suppressed by the sex 
drive. Conder (1949) discusses the phenomenon of individual dis- 
tance and visualizes it as a sort of mobile territory each individual 
bird carries about with it. This seems to consist of the area the bird 
can reach all about itself and within which does not willingly allow 
other birds to trespass. This behavior pattern is responsible, for 
example, for the regular spacings of birds in flocks. A few forms 
seem secondarily to have lost this pattern and will allow close bodily 
contact with one another, for example, some swifts and colies. Hinde 
(1955) is convinced that in the Chaffinch (Fringilla coelebs) and the 
Greenfinch (Chloris chloris) the escape and sex drives are in conflict 
in mated pairs. In the case of these thrushes it does not seem to be 
as clear that escape is the element in principal conflict with the sex 
drive. Escape and attack seem to be about equally in conflict with 
the sex drive. 

There seems to be little doubt that individuals of a pair come to 
recognize one another. Males do not threaten their mates when they 
appear after an absence, although strange birds of their species receive 
prompt attack. Birds of a pair sometimes threaten one another when 
individual distance is being violated ‘‘deliberately’’ (as in unsolicited 
copulation attempts) or “inadvertently” (as in coming to the nest 
with food at the same time). The following notes will typify these 
responses. 


May 27, 1954; Ithaca, N. Y.; Territory No. 13 in edge of beech-maple-hemlock 
woodland along Cascadilla Creek, 9:30 a.m. ... male (mustelina) singing in top 
of small beech tree near nest. Female not in sight. In a few minutes the female 
flys to sapling near nest, male sees her but did not even Crest Raise. He continues 
to sing, female settles on eggs. 

June 19, 1954; Ithaca, N. Y.; Territory No. 6 in second growth edge surrounding 
small beaver pond. 7:00 a.m. I examined (guttatus) nest on ground under fern 
clump. Female flew off and disappeared. I retire and wait. Male singing nearby 
and gradually he comes into view. After a few minutes elapse he flies to edge of 
nest and appears to be regarding the eggs. The female suddenly flies down to 
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ground near nest and Tail Raises, the male simply flies upward to nearby hemlock 
and commer to sing 

June 12, 1954; Ithaca, N. ¥ Territory Ni in wet bottomland woodlot . . 
(fuscescens) foraging on for floor and in low bushes. It hops to top of rotten, 


moss-covered, fallet log and begir to preen Another individual suddenly appears 
on log and hops toward first bird. The second bird attempts to mount the first 
bird which receives these attentions with Horizontal Stretch and Gaping. 


May 30, 1953; Ithaca, N. Y.; Territory No. 1 in second growth beech-maple 
forest on shore of Beebe Lak young (mustelina) have hatched and being fed 
by parent ( idult flies to nest with beak full of what appears to be geometrid 


larvae but before feeding takes place, the other bird flies in with beak full of same 
food. The first bird threatens the newcomer by Gaping, the food then drops to 
ground and the bird flies down to recover it and in the meanwhile the threatened bird, 
which did 1 l en threatened, feeds young and flies away. In a moment the 
bird that had dropped its food returned to nest with what looked like most of it 





and fed young 


The various species of Catharus and Hylocichla mustelina are all 
readily identifiable by a human observer, but the difference in size, 
color, and pattern are not great. It is not clear that differences of 
size and plumage serve as specific recognition features in these forms, 
although observations in the wild and with captive birds indicate 
that the reddish tail of guttatus and the reddish crest of mustelina, 
if accompanied by their characteristic displaying movements (see 
above), serve as specie specific recognition features (see the May 30 
observation on page 335, for instance The only thing really different 
among these forms is their vocalizations. These were assumed to 
serve as the chief specific recognition signals, and a series of experi- 
ments was conducted to « he validity of this assumption. 

The first experiments consisted of placing blank models on the 
territories of each of the speci: The following numbers of territorial 
males wert 1e pair-formation period or 
shortly thereafter: 10 mustelina, 6 fuscescens, 4 guttatus, 5 ustulatus, 


and 2 minimt All of these males either did not appear to ‘‘notice”’ 
the models at all or merely accorded them the same reactions that 
any strange object typically receives (some slight tendency to “‘in- 


vestigate’”’ and perhaps very low intensity Crest Raising or Foot 
Quivering The blank models used were simply unpainted examples 
e behavioral experiments. The 


/ 


of the models ordinarily used in the 
color was a uniform off-white or ivory and with black eyes. 

The next experiments consisted in introducing naturally colored 
models of each of the five species on the territories of each of the species. 
In this series of experiments 10 mustelina, 8 fuscescens, 8 guttatus, 7 
ustulatus, and 5 minimus territories were utilized in this manner. 





348 DiucEr, Catharus and Hylocichla yi. 


All of these males were either in the pair-formation period or shortly 
thereafter. Care was taken to present the bird’s own species model to 
him last in the series so that any possible “‘after discharge”’ of activity 
in response to his own species would not effect subsequent presenta- 
tions. This was probably unnecessary in this case as all of the models, 
without exception, were attacked more or less vigorously. Sometimes 
a male would attempt coition with a model that had been placed 
in a position too nearly horizontal (simulated submission posture) 
but the reactions were clearly associated with a relatively high attack 
motivation. No greater attack seemed to be elicited by conspecific 
combinations although this would be difficult to be sure of without 
quantitative data and these hostile behavior patterns, for the most 
part, would be difficult to quantify (see Figure 8). 

The final experiments consisted of placing models associated with 
advertising songs and other hostile vocalizations in every combination 
on territories of all five species. The results are summarized in Figure 
8. The territories of 20 mustelina, 11 fuscescens, 12 guttatus, 15 
ustulatus, and 10 minimus were all treated to at least one such series 
of experiments. This was a time-consuming operation as usually 
only one combination of vocalization and/or model was presented 
to any one territory on any given day in order to minimize the dangers 
of habituation to the experimental procedure. Consequently, these 
territories were being worked with in every state of development from 
the pair-formation period to the time when the young were nearly 
fledged. It may be seen by an examination of Figure 8 that the 
models, when associated with vocalizations, were no longer attacked 
indiscriminately but only attacked when associated with vocalizations 
of the species being experimented with. For instance, no model 
associated with vocalizations was attacked by a male ustulatus unless 
associated with ustulatus vocalizations. 

Slight attack (Wing and Tail Flicking, Crest Raising, and generally 
behavior typified by increased ‘‘agitation’’) was elicited occasionally 
when the “‘veer’’ calls of fuscescens was played to minimus and when 
the ‘‘beer’’ calls of minimus were played to fuscescens. These two 
calls are apparently similar enough to act as releasing stimuli for the 
(innate) releasing mechanisms of the other species. These two 
species rarely occur sympatrically so that few mistakes as to species 
identity, however slight, are likely to take place. At any rate, pairing 
has taken place in fuscescens before minimus migrates through the 
areas occupied by the former species. This would be the only time 
these two species usually occur together, and it is conceivable that 
an occasional unpaired fuscescens might respond to the vocalizations 
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FicurE 8. Diagram of results of experiments with models and/or hostile vocali- 
zation ‘rial males of Hylocichla mustelina, Catharus fuscescens, C. guttatus, 


1 C. minimus. See text for explanation 
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of minimus. ‘The converse is also possible. The chances of mixed 
pairs being formed must be almost nil as all of the other secondary 
species specific signal characters would be lacking and also the physical 
environment and physiological states would not be compatible. Since 
these two species rarely occur sympatrically there seldom has been 
any selective pressures on either to make for greater divergence in 
this particular call, and the fleeting contact they do have may even 
supply enough selective pressure to maintain this similarity through 
slight ecological competition. 

The somewhat similar advertising songs of guttatus and mustelina 
sometimes released a response in the other species. Here again, the 
mixed reactions involved only a few individuals and the hostile be- 
havior seemed to be of low intensity. The chances of mixed pairs 
being formed in this situation is made slightly more likely since these 
two species are more often sympatric. However, as in fuscescens- 
minimus, the secondary species-specific signal characters would be 
different; vastly different in this case, as much of the hostile behavior 
of mustelina is entirely different from that of gutiatus and the rest of 
the group. The greater size of mustelina coupled with differences 
in color, pattern, and habitat should further reduce the chances of 
long-term mistakes. 

Advertising song and other hostile vocalizations were presented 
in every possible combination to territorial males without the use of 
models (see May 28 observation on page 338). Here the hostile reac- 
tions were the same as when models were used in conjunction with 
vocalizations but were not quite as intense, although very much more 
intense than when silent models were presented. It seems quite 
clear that vocalizations are much more effective as species specific 
signal characters than are the differences in physical appearance. 

The various species of Catharus and Hylocichla mustelina have 
“‘solved”’ their problems of species recognition in sympatric situations 
in much the same manner as Anas, except that the species-specific 
signal characters are largely vocal rather than mostly visual. The 
reason for this difference in the kind of signals employed may be that 
the selective pressure by visual predators is great enough to cause 
both sexes to become cryptically colored so that non-visual signals 
have been evolved. I think it more likely, however, that it is mostly 
a matter of efficiency in regard to ready recognition. Visibility is 
limited in the habitats utilized by Catharus, and auditory signals 
would be evolved because of their greater effectiveness in situations 
characterized by low visibility. The minor differences in plumage 
and the small differences in thresholds of the various displays, prob- 
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ably act as fortifying features to the species-specific auditory signals. 
The dabbling ducks, on the other hand, form pairs in areas where 
the visibility is relatively great and visual signals can operate to full ad- 
vantage. It is not that auditory signals are completely ineffective in 
open areas or that visual ones are useless in areas of limited visibility, 
but it is a matter of relative values. The genera Anas and Catharus 
both utilize auditory and visual species-specific signal characters but 
the most effective ones in each case have become predominant. 

The experimental evidence indicates the manner in which Catharus 
and Hy hla males recognize their own species; but does not prove 
that the females react in the same way. ‘The evidence here, supported 
by what we know of the reactions of males, is that females do not 
distinguish between models of various Catharus species and that the 
various vocalizations are the only striking differences to be noted 
among these forms that could serve as species-specific signal characters. 
The hostile displays, with the exception of the well developed ad- 
vertising songs in males, are the same for both sexes of a given species— 


there are no known well-marked visual species-specific signal characters 
in Catharus and Hylocichla except for the reddish tail and its movement 


in guttatus, the brilliant yellow base of the mandible in minimus, 
and the reddish crest and its movement in H. mustelina. These 
visual characters are probably valuable at close range but of little 
use in the initial drawing together of pairs. Many birds have been 
observed at the initial stages of pair formation and no mixed pairs 
have ever been seen 

What apparently happens in Catharus and Hylocichla is that females 
gs of males of their own species. These 
ved as species-specific signal characters 
to which the females have evolved specific releasing mechanisms. 
When the female is in visual contact with her prospective mate other 
species-specific characters fortify the initial choice. The proper 
habitat probably also is an important factor in minimizing the pos- 
sibility of mixed pairs being formed as is the differential in breeding 


times demonstrated by some of the species. 
SUMMARY 


A comparative study was conducted on the hostile behavior of the 
four North American species of Catharus and on Hylocichla mustelina. 
These behavior patterns are described and evaluated. The hostile 
behavior patterns of H. mustelina are quite different from those of 
the four species of Catharus. These latter hostile behavior patterns, 


excepting vocalizations, are similar to one another. 
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Experiments conducted with tape recordings of the hostile vocaliza- 
tions and models of the various species provided most of the data 
utilized. 

It is suggested that the principal reproductive isolating mechanisms, 
preventing mixed pairing among these species, are the species specific 
vocalizations of the males (advertising song) acting as sign stimuli 
to the corresponding specific releasing mechanisms of the females. 
Minor differences of plumage pattern, color, and movement probably 
play roles fortifying the initial choice. 
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A NESTING OF THE COLLARED TROGON 
BY ALEXANDER F. SKUTCH 


In earlier papers (1942, 1944, 1945, 1947, 1948, 1953) I gave ac- 
counts of the nesting and other habits of four species of trogons. 
These reports were based upon observations at two or more nests. 
Of the Collared Trogon (Trogon collaris) I have seen only a single 
occupied nest, at which I was able to learn something of the mode of 
incubation and the care and development of the young. I had hoped 
to round out this study by watching other nests, as the Collared 
Trogon is not uncommon on the mountain slopes over which I look as 
I write. But my residence is several hundred feet below the lower 
limit of the trogon’s range in this region; and in 14 years I have not 
seen a single individual on my farm or even within several miles of 
it; as the land rises only gradually northward toward the steep slopes 
of the Cordillera de Talamanca. In view of the paucity of our in- 
formation about the nesting of this magnificent family of birds and 
the lack of an available account of the breeding of this particular 
species, it seems best to publish what I know about it, before the 
observations made at the nest which I found in 1937 become ancient 
history. 

Appearance and Range.—One of the smaller members of its family, 
the Collared Trogon is a graceful bird about ten inches in length, 
richly clad in bright, contrasting colors. The upper plumage of the 
male is largely metallic golden-green. The two central feathers of 
his long tail are green with black tips. The outermost feathers are 
black with narrow white tips and are narrowly barred with white over 
most of their surface. The rectrices intermediate in position are also 
intermediate in coloration. His wings are largely black, with fine 
vermiculations of white on the greater coverts and white edgings on 
the longer primaries. His cheeks, chin, and throat are black, his chest 
metallic golden-green like the upper parts and separated by a broad 
and conspicuous white band from the bright red of the more posterior 
under plumage. His eyes are dark brown, surrounded by a ring of 
bare skin of approximately the same color, so that it does not stand 
out conspicuously like the contrasting orbital rings of some of the 
other trogons. His bill is unmarked, bright yellow. The female, 
although much less brightly attired than the male, is beautiful in her 
subdued colors. Her upper plumage is brown, brightest on the lower 
rump and upper tail-coverts. The two middle tail feathers are chest- 
nut with contrasting black tips. Her face and throat are dusky or 
slate-colored, and there is a conspicuous crescent of white behind each 
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hest is brown, separated by a white bar from her red 

abdomen. Her eyes are brown, like those of the male; but her bill is 
paler yellow with a broad, black stripe along the ridge of the maxilla. 
The Collared Trogon ranges from Ecuador to southern México; and 

1, the subject of the present study, was long considered 

ecupies the portion of this range from western 

ivoids extremes of altitude and is found 

majority of the Central American 

gh up in the mountains, like the 

mus) and the Quetzal (Pharomachrus 

pe of southern Costa Rica, I have not 

seen this trogon as low as 2500 feet; but 

ppear ; pproaches 3000 feet. On the opposite 

rdillera de Talamanca it descends somewhat lower; for 

bird at about 2000 feet at Pejivalle in the Caribbean 


Carriker (1910:557) records it at this altitude on the 


1 


Iba. In Guatemala I have traced it somewhat lower, 
feet on the Pacific slope, and at about 1200 feet on the 
irt of the Department of El Quiché 


As to the upper limit of its altitudinal 
individual at 6500 feet on the Pacific side of the 


1 Guatemala, whereas in Costa Rica I found it not un- 
1 Blanca, 5500 feet above sea level. 

Food.—The Collared Trogon dwells chiefly in heavy 
mountain forests of broad-leafed trees but ventures forth into neigh- 
boring rings with scattered trees in which it may even nest. 
Coffee plantations with their evenly spaced shade trees are attractive 
to the bird. Except in the nesting season, I have nearly always met 
lone individuals. Like other trogons, it is a quiet, retiring bird, 
dignified in manner. One usually sees it perching very upright, well 

ng the forest trees. Of a sudden it makes a rapid dart to 

me insect which its keen eyes have descried upon the neigh- 
boring foliage, plucks it off without alighting, then settles on another 
perch to devour its booty Its food consists largely of orthopterans 
and other insects which it captures in this fashion among the trees, 
and probably also of an admixture of berries, as with other trogons. 

V o1ce The call of the male Collared Trogon is a low, clear, and 
mellow cé ow, or less commonly cow cow cow—a soft, restrained 
utterance in keeping with the whole manner of the bird. The call of 
the female is similar but even weaker in tone. Both in its quality 
and its usual limitation to two or three notes, the call of the Collared 
Trogon resembles that of the Black-throated Trogon (Trogon rufus) 


1 
I 
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more than that of any other species with which I am familiar. On the 
Pacific side of southern Costa Rica these two trogons occupy distinct 
altitudinal belts, the highest of the heat-loving Black-throated Trogon 
scarcely ranging so high as the lowest of the Collared Trogons. 

When alarmed or suspicious, the Collared Trogon has a very dif 
ferent utterance, a low, long-drawn churr, which is sometimes almost 
a rattle. While delivering this complaining call, the bird executes a 
characteristic tail movement. First it slightly spreads the tail fan 
wise and at once closes it, all very rapidly. The spreading is not 
pronounced, but enough to reveal to an observer behind the bird the 
white of the outer tail feathers, which flashes out momentarily, ap 
parently as a warning signal to the mate. No sooner is the tail closed 
than it is slowly elevated, with a deliberation that contrasts sharply 
with the preceding lateral spreading. 

Nest and Eggs.—On January 24, 1937, I found the nest of the Col- 
lared Trogon in the foothills of the Cordillera de Talamanca on the 
northern side of the basin of El General in Costa Rica, at an altitude of 
about 3000 feet above sea level. The nest-cavity was 12 feet above the 
ground near the top of a slender, barkless stub of the burio (/Zeliocarpus 
excelsior), a tree with very soft wood. This stood in a clearing, amid 
tall grasses, rank weeds, and tangled vines, but only 25 yards from the 
edge of tall and heavy forest. The deep niche had doubtless been 
carved into the soft, decaying wood by the trogons themselves, and 
the marks of their short, stout bills were clearly impressed around the 
margin of the aperture. This was irregularly pyriform in outline, 
much higher than wide and broadest near the lower end. The cavity 
itself extended only a few inches below the lower margin of the door 
way, with the result that when the trogons sat in it parts of them were 
visible from in front. A split in the wood extended through the rear 
wall of the chamber as a wide gap, through which I could see the sky. 

The burio stub was so weak and tottering that I did not dare to set 
a ladder against it, or even to clear away some of the tangled vegeta- 
tion which surrounded and apparently helped to sustain it, in order to 
make a space for a self-supported ladder. But by attaching a mirror 
to the end of a stick and holding it in the doorway, I could see two 
white eggs, which rested upon fragments of wood in the unlined bottom 
of the cavity. No softer material had been taken in to form a bed for 
them. Even when they carve their nest chamber in the harder 
substance of a termitary, trogons never provide a lining for their eggs. 

On February 5, while I was engaged in the study of this nest, a 
boy led me to a nest which his father found while clearing away the 
forest on the slopes higher up the valley, at an altitude of about 3300 
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spaced, never an ascending roll. The same uniformity in voice 
does not hold in Trogon (in the limited sense), but the call of the White- 
tailed Trogon differs strikingly from that of the Citreoline Trogon. 

Incubation.—When I found the occupied nest at about 3:50 P.M. 
on January 24, the male trogon was covering the completed set of two 
eggs. It was his glittering green head and bright yellow bill framed 
in the wide aperture of the cavity which first caught my eye and drew 
my attention to the nest. Unperturbed, he returned my gaze while 
I examined through my field-glasses what was to be seen of him in the 
nest; and he heeded not at all when I shouted to him to come forth, 
that I might see all the rest of his plumage and thereby identify his 
species beyond doubt. He watched me approach to within a few 
yards of the low burio stub; and only when my machete crashed down 
on the first of the tangled vegetation that separated me from the trunk 
did he dart out and away, not pausing until he had vanished among 
the trees of the neighboring forest. 

After completing my inspection of the nest by means of the mirror, 
I went away. Returning at 4:20 p.m., I found that the female had 
come to take charge of the eggs. She sat even more steadfastly 
than her mate. It required a great deal of hand-clapping and whistling 
on my part even to make her raise her head and look out over her door- 
sill. She watched my advance to the base of her stub; and when I 
shook and tapped upon it as hard as I dared, considering its infirm 
state, she merely leaned out far enough to look down upon me. Only 
after I had tossed up my cap two or three times did she dart forth and 
fly to a perch not far off, where I had a fine view of her. On subse- 
quent visits I found her equally indifferent to my presence. Some- 
times, when I tapped on the stub to make her leave the eggs exposed 
for my inspection, she would rise to a bough almost over my head, 
where she would churr and perform with her tail in the manner already 
described. Her utterances might draw her mate out of the neigh- 
boring forest, and he would call and move his tail in the same fashion. 
Sometimes, appearing to be more concerned about the safety of the 
eggs than the female, he would remain near me and the nest, churring, 
after she had grown tired of complaining and flown out of sight. 

Although both of the trogons were so strongly attached to their 
nest, when I came to study in more detail their mode of incubation, 
I deemed it advisable to conceal myself in a blind. In an old potato 
patch at the edge of the forest I found a spot where, taking advantage 
of the steep slope, I could set my brown wigwam and watch from 
above the level of the nest. When I began my vigil at 1:00 P.M. on 
January 30, the male was sitting on the eggs, with his yellow bill 
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resting on the door-sill. During the drowsy hours of the afternoon 
he sank lower in the nest, until I could see only the top of his head and 
his bright green tail, which was held upright against the rear wall of 
the cavity and was easily visible from in front. 

At 4:48 the female suddenly flew out of the forest and came to rest 
on a branch at the edge of the potato patch. Twice she called cow 
cow in a very low, soft voice. Her mate therupon promptly left the 
nest and flew toward her, but continued past her into the forest. 
Then the female flew toward the nest and came to rest on a bough 
about 25 feet distant from it, where she repeated her low churr over 
and over, with each utterance rapidly flirting then slowly elevating 
her tail. ‘Then she flew to the nest and clung in front of it, continuing 
to voice the churr. After a minute in this position she entered, 
promptly turned to face outward, and settled down to incubate, at 
4:51. For a few minutes she continued to look over the sill; but 
gradually her head sank down until her bill and eyes were hidden 
behind the rim; but her bright brown tail, held upward against the 
rear wall of the chamber, stood out clearly. She sat without inter- 
ruption until it grew dark 

When I resumed my vigil at 5:40 next morning, the female trogon 
was still in the nest. As it grew light I heard her mate call cow cow 
and cow cow cow in a low voice, off in the woods. At 7:00 he emerged 
at the upper edge of the clearing and from an exposed perch called 
cow cow many times over. This was apparently a summons to his 
mate to come forth so that he might take his turn on the eggs. But 
she did not even raise her eyes above the rim of the cavity. For many 
minutes he lingered within hearing; but finally he wandered farther 
back into the forest; and his pleasant call no longer reached me. 

At about 8:40 the female, who had continued steadily to sit, began 
to look out more often, frequently raising her eyes above the sill. 
At 9:15 the sun’s rays first began to fall into the nest-cavity, which 
opened toward the east. At 10:00 she sat higher in the nest, with her 
bill above the sill, then after a while sank lower, until only the crown 
of her head was visible to me. At 11:27 she sat with her head higher 
than before and visible in its entirety, then gradually moved forward 
to stand on the sill, from which she darted forth. Flying across 
the potato patch and well up into the forest, she came to rest on a 
high branch and called cow cow in a subdued voice. She continued 
to call at intervals for several minutes, then flew farther into the 
woodland, where I lost sight of her. Just at noon she returned from 
the opposite direction, flying up over the bushy growth on the de- 
forested slope below the nest. Alighting on a bush, she uttered her 
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low churr over and over, then clung in front of the nest and continued 
the same note, ceasing only when she entered. She was now beneath 
the hot midday sun and sat high, with her whole head visible in the 
doorway, her bill open, panting. At 1:00 p.m. I left her so. Since 
his departure soon after seven o’clock, I had seen nothing more of the 
male trogon. But he was on duty in the nest when I paid it a brief 
visit at 3:10 that afternoon. 

Unfortunately, my long vigil at the trogons’ nest had not fallen 
on a typical day. On other days I made a number of visits to the 
nest at such times as I had free. One morning I found the male 
sitting at 9:10, on another at 9:05, on still another at 10:10, and when 
the eggs were on the point of hatching, at 8:34.a.m. But when I came 
earlier, at 8:33 one morning and at 8:08 on another, I found the female 
sitting. When I watched from the blind on the morning of January 
31, the male arrived so unusually early that his mate was not ready 
to leave. Then, when he found that the female paid no attention 
to him, he went off, and stayed away until past one o’clock. So great 
was the female’s attachment to her eggs that she remained covering 
them, without food, until long past her usual hour of going for break- 
fast. But at half past eleven hunger overcame her; she went off, 
called for her mate without response, and since he did not appear, 
herself returned to the nest after half an hour’s absence, to sit, ap- 
parently, until his belated arrival. While studying the Mexican 
Trogon in the Guatemalan highlands, I saw precisely the same thing: 
the female would not leave when he called for her to relinquish the 
eggs to him; then when he stayed away for several hours longer, 
growing hunger compelled her to go off for a short recess, leaving the 
nest unattended. 

On afternoon visits, I once found the female Collared Trogon in 
the nest at 4:20 and once at 4:15, but never earlier than this. Thus 
the male appeared usually to be responsible for the nest from between 
8:30 and 9:00 in the morning until between 4:00 and 5:00 in the 
afternoon, while the female was in charge for the remainder of the 
time. In this pattern of incubation, with long, uninterrupted ses- 
sions and only two change-overs daily, the Collared Trogon resembles 
the Black-throated Trogon, Citreoline Trogon, White-tailed Trogon, 
Massena Trogon, and some but not all pairs of the Mexican Trogon. 
The pattern of incubation of all these trogons is thus essentially the 
same as that of the pigeons and doves, in which also the male typically 
takes one long session extending over the middle of the day, while 
the female sits from mid- or late afternoon until he returns to replace 
her on the following morning. But the Quetzal, which incubates 
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far less patiently than most of the smaller trogons, follows a very 
different sche1 with the male taking each day two separate sessions, 


in the morning and afternoon, while the female takes a turn on the 
eggs in the middle of the day as well as the long night session. And 
even these relatively short turns of duty of the Quetzal may be inter- 
rupted by brief recesses, during which the eggs are left exposed. 

The Nestlis When I arrived at 34 a.m. on February 4, the 
male trogon was in the nest \s I raised the mirror he flew off, and 
in the reflected images of the eggs I could see that one of them had 
pier by its occupant. Next morning at 8:35, I found the 
male covering two nestlings, which bore not a trace of down or feathers 
on their pink skin and had tightly closed eyes. The empty shells 
were allowed by the parents to remain in the nest for at least five 
days, and I believe they were finally covered by the excrement which 
soon began to accumulate on the bottom of the nest. I saw the 


been 


parents do nothing to keep it clean 

On the afternoon of February 8, the male was brooding and watched 
from the nest while I set my blind once more in the old potato patch, 
about 40 feet in front of him. He flew from the cavity only when 
I approached to look at his nestlings with the mirror. The following 
morning at dawn I entered the blind to watch the trogons attend 
their two four-day-old nestlings. There was then barely enough 
light to see that their mother was brooding. At 6:15 her mate called 
cow cow twice in low tones, whereupon she left the nest and flew up 
into the forest The male rested in a tree at the edge of the clearing, 
holding in his bill a big, brown insect with very long antennae. He 
delayed in the same spot, only moving his head slowly from side to 
side, while the rising sun, which at his arrival caressed only the highest 
summits of the mountains across the valley to the west, drove the 
shadows quite to their feet. Then he flew to another perch somewhat 
nearer the nest and continued to look around, at intervals repeating 
his low ce \t 6:44 his partner returned, bringing an insect 
somewhat smaller than his, and alighted near him. After a pause 
of less than a minute she flew to the nest, clung upright in front of the 
entrance with her feet on the sill, placed the insect in a nestling’s 
mouth, and departed [hen at last the male went to the nest, 
delivered in the same fashion the insect which he had held for half 
an hour or more, and also flew away 

At 7:02 the female returned with an unrecognized object in her 
bill and rested on a dead branch near the nest for 27 minutes, then 
at 7:29 suddenly darted away, still bearing the morsel in her bill. 
At 7:55 she returned and again perched on the dead branch holding 
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food. After a delay of 12 minutes she proceeded to the nest and 
offered the morsel to the nestlings while clinging in front; but during 
an exposure of nearly two hours they had become so cold and numb 
that they could not take it. She entered, settled in the nest, then 
rose to offer the food to the little ones beneath her; but still they did 
not respond to it. She turned sideways, then backwards in the nest, 
and bent down to the nestlings with her red belly in the doorway, 
her long tail projecting through it and rising into the outer air. In 
this posture she endeavored persistently to give nourishment to her 
chilled offspring. At last, at 8:15, the morsel vanished and the parent 
continued to brood more reposefully. 

It appeared that the trogons were behaving abnormally because 
they were still shy of the blind; or because, with undue confidence 
in their earlier indifference to my presence, I had at first been watching 
with the little windows too widely open. Accordingly, I cut short 
my vigil on February 9, to resume it on the following morning, after 
giving the birds another day to accustom themselves to the blind’s 
presence only half as far from their nest as while I watched them 
incubate. I now opened the front window barely wide enough to 
permit the use of my binoculars, which were indispensable for the 
recognition of the food brought by the parents. But they behaved 
very much as on the preceding morning, with interesting variations. 

The female was again brooding when I arrived at daybreak on 
February 10. At 6:20 she flew from the nest, alighted on a high 
bough at the forest’s edge and repeated her low churr many times over, 
then flew off into the woods. Returning at 6:47, she bore what ap- 
peared to be a green tree cricket with very long antennae. For the 
next hour she delayed in sight of the nest, continuing to hold this 
insect in her bill. During most of this time she rested in silence on 
the same high perch; finally she began to voice very subdued cow’s, 
then changed her perch and churred. At 7:45 I saw the male for 
the first time that morning as he alighted in the doorway of the nest 
with food in his bill. His mate, as soon as she saw him coming, broke 
her long period of inactivity by darting to the nest along with him. 
Arriving at about the same time, she knocked him away as he settled 
there, so that he flew to a neighboring perch with his contribution 
undelivered. The mother placed her green insect—which she had 
held for a whole hour!—in the upturned mouth of a nestling, then 
left. Then the father, after resting only three minutes on the branch 
where he had settled when his mate knocked him from the doorway, 
went again to the nest to deliver his insect. He lingered clinging so, 
looking around from side to side, for five minutes, then darted away. 














. Serre 


ionk k TCH, Collared i rogon 363 


At 8:08 the father returned with a big green insect that resembled 
a grasshopper with exceedingly long antennae. After four minutes 
he delivered it while clinging in front of the nest, then entered to 
brood the nestlings, sitting much higher than while he incubated. 


He covered the nestlings for eight minutes, then left as his partner 
arrived with food. She delivered this promptly, went off, and soon 


returned with another big, green insect, which she gave to a nestling, 
at 8:53, then settled down to brood for 110 minutes. At 10:43 the 
male appeared at the edge of the forest with an insect in his bill and 
the female left the nest. During the next 36 minutes he made four 
successive advances, which brought him to within 30 feet of the nest. 
Now he suddenly and inexplicably darted back into the woodland, 
carrying away the green insect which all this while he had held. 


The direct, confident manner in which the parent trogons sometimes 
advanced to the nest contrasted strangely with their long hesitation 
at other times when they came with food. Perhaps their keen eyes 
now and then picked out my own eyes through the narrow slit it was 


necessary to leave in the front of the blind in order to see what the 
birds did. But whether or not mistrust of the blind had anything 
to do with their long periods of almost immobile perching with food 
in their bills, this patient stolidity was entirely in keeping with the 
trogons’ reposeful nature and their long, uninterrupted sessions while 
incubatir g I have observed compar ible behavior with other kinds 
of trogons: but a more active bird, such as a wren or a wood warbler, 
if kept from its nest by suspicion of some object in its vicinity, would 
never have rested in the same spot holding the same insect for nearly 
an hour, as these Collared Trogons did. The long period of immobile 
waiting of one parent was sometimes broken by its partner’s approach 
to the nest, which served to fillip the procrastinating one out of its 
lethargy 
In 7.5 hours on the mornings of February 9 and 10, the two nest- 
lings, 4 and then 5 days old, were fed 3 times by their father and 5 
times by their mother, making a total of 8 feedings, or at the rate of 
one insect for each nestling about every 2 hours. In addition to the 
food actually delivered, male and female each brought an insect once 
gain. Although the nestlings were fed so in- 
frequently, the insects they received were so large in relation to 
their own size that each was a substantial meal for them, and I think 
it likely that they had enough. Despite the erratic behavior of the 
parents, their rate of feeding was not remarkably low for trogons. 
On the cloudy morning of February 10, during the 5 hours between 
the female’s first morning departure at 6:20 and the end of my watch 


and carried it away a 
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at 11:20, the still naked nestlings were brooded twice, once by their 
father for 8 minutes and once by their mother for 110 minutes. 

When the nestling trogons were five days old, I could distinguish 
their sprouting pin feathers in the mirror which I used to view them. 
When they were nine days old their plumage began to shed the horny 
sheaths and expand, and at 11 days the youngsters were well covered 
with brown feathers. The whitish spots on their wing-coverts were 
conspicuous in the mirror. Thirteen days after the nestlings hatched 
I found one of them lying dead beneath the nest, its head chewed 
or torn open, and swarming with ants. The other remained in the 
nest, apparently unhurt. But three days later, when the survivor 
was 16 days old and seemed about ready to fly, I found it, too, lying 
dead below the nest. It was fully feathered, and I detected on it 
no lesions other than those which might be attributed to the ants 
that were beginning to devour it. The preceding day it had been 
in good condition, and I could not imagine what calamity befell it. 

The dead nestling appeared to have been well fed; and that it had 
not perished from parental neglect was proved by the arrival, while 
I examined its plumage, of its father with a fat, green insect in his 
bill. He rested on a low perch at the opposite side of the clearing 
while he complained with his subdued churr, spreading his tail and 
moving it up and down as he voiced his notes of distress. After a 
while he went back into the forest with his insect; but he soon returned 
with what appeared to be a hairy caterpillar and perched a long while 
at the lower edge of the clearing, sometimes complaining and some 
times silent. The female trogon did not arrive while I remained 
in view of the nest. Such bringing of food by bereaved parents for 
nestlings which have succumbed in the nest or recently vanished is 
not unusual among birds. A female Citreoline Trogon came with 
an insect for an older nestling which was headless and swarming with 
ants; and I have witnessed similar conduct in the Golden-naped Wood- 
pecker (Tripsurus chrysauchen), Yellow-green Vireo (Vireo flavo- 
viridis), Yellow-rumped Cacique (Cacicus cela), and Golden-masked 
Tanager (Tangara nigro-cincta). In at least some of these instances, 
the parents knew from earlier visits that the young had disappeared 
or perished. Numerous similar cases have been reported in print 
for a variety of birds ranging from kingfishers and guillemots to 
thrushes and finches. Such persistent parental attention provides a 
margin of safety for the nestlings. 

I took down the stub in which the nest-cavity had been carved to 
see whether it would yield any evidence as to the cause of the tragedy. 
It was so rotten at the base that I easily pulled it over with one hand. 
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I found t I t tl ty caked with the excreta of the nest- 
lings, which normal for t1 thing which revealed why 
the little birds perished Perhaps a w | had attacked them. 

e the juvenal plu: the ‘‘Jalapa Trogon’”’ is not described 
in Ridgv hall give here the description of the dead 16- 
day-old nestling which I wrote in thi l. It was fully:clothed in 
soft feather its remis were well developed, although the rec- 
trices hard] d beyond their covert lhe general color of the 
body plu W brownis! [he brown was deepest on the head, 
neck, ba houlder pular ind t. The rump and upper 
tail rts were brighter ar more rufescent; the breast and belly 
were lighte 1 somewhat tay vhile the under tail-coverts were 
distinctly tav Behind each eye v onspicuous white crescent, 
and in front each ey lle t of white. The wings were 
generally blackish slate I ery col icuously spotted and ver- 
miculated with bu lesse1 erts were slate-color with dark 
brown ed The idl erts were blackish-slate with large, 
round, subterminal spot bu TI uter of the greater coverts 
were blacki late without rkings, but proceeding inward they 
bore increasingly large buffy subterminal spots and vermiculations 
of bufi lr rimaries were plain blackish-slate, but the secondaries 
became more extensively vermiculated with buff on the outer web 
as they were nearer the body [he three innermost bore prominent 
subterminal ts of buf nd on the two innermost, the buffy ver- 
miculations extended, in slight degree, to the inner web. The bill 
was black witl light t [hus the plumage of the fledgling bore 
a certain resemblance to that of the adult female; but it lacked the 
lomen and had buffy spots 
he mature female. 





In Central America, the Collared Trogon resides in heavy forest 
and adjoinit learit lium elevations, from about 1200 to 
6500 feet ab sea level in Guatemal nd from 2000 to at least 5500 
feet it Except in the breeding season, it is usually 


A nest wi ggs was found at 3000 feet on the Pacific slope of 
southern Costa Rica in late January Che shallow niche, apparently 
carved by the t: ns themselves, was 12 feet up in a tottering stub 
of very soft wood [he two white e; lay on its unlined bottom. 

The speci trog rve « ties differing greatly in shape. 
The form of the nest cl bes peal be constant in each of the 
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genera recognized by Ridgway and other earlier authors; but this 
constancy within the genus is lost in the modern classification which 
lumps the majority of the trogons of the New World in the single 
genus 7rogon. 

The male Collared Trogon usually covered the eggs from between 
8:30 and 9:00 a.m. to between 4:00 and 5:00 p.m.; whereas the female 
incubated from the late afternoon until the middle of the following 
morning. But one day when the male arrived, apparently to begin 
incubation, at the unusually early hour of 7:00 a.m., the female refused 
to yield the nest to him, whereupon he went off and had not returned 
by 1:00 p.m. In these circumstances, the female sat constantly from 
daybreak until 11:27, then after an outing of half an hour returned 
to resume incubation at noon. 

The newly hatched nestlings had tightly closed eyes and pink skin 
devoid of down. The empty egg shells remained in the nest. 

Both parents brooded the nestlings and fed them with large insects. 
Sometimes they delayed near the nest, holding food in their bills, 
for many minutes or even an hour. In 7.5 hours, 2 nestlings, 4 and 
5 days old, were fed 8 times. 

Excrement was not removed but accumulated in the bottom of the 
cavity. 


The nestlings’ pin feathers began to sprout when they were 5 days 
old. At 9 days their plumage began to expand, and when 11 days 
old they were well covered with brown feathers. One was found 
dead beneath the nest when 13 days old, the second when 16 days 
old and apparently ready to fly. 

The male parent twice came with food for the dead nestling. 

The plumage of the 16-day-old trogon is described. 
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IN MEMORIAM: THEODORE SHERMAN PALMER 


ADMITTED to the American Ornithologists’ Union at its fifth meeting, 
in 1888, and elected Fellow in 1901, Doctor Palmer was member or 
chairman of the Committee on Biography from 1915, and Secretary 
of the Union for twenty years (1917-1937 

He was born at Oakland, California, January 26, 1868, his father 
being Henry Austin, and his mother Jane Olivia Day, Palmer. In 
1886 they moved to Pomona, California, where the father started 
a bank. He desired that his firstborn follow a business career, which 
Theodore did in vacations and immediately after graduation from 
college, but other interests soon prevailed 

Among boyhood hobbies were the collecting of stamps and of the 
eggs and skins of birds. His natural history collections, upon his 
departure from the state, went to the California Academy of Sciences, 
where they were destroyed in the catastrophe of 1906. Stamp col- 
lecting was co‘:itinued throughout life and his accumulations of 54,000 


1 
} 
i 


varieties, with duplicates and associated materials, were presented to 
the United States National Museum. 
I 


Considerable time was given by Palmer, as a youth, to an organiza- 


tion for reading to the blind, but on the whole he paid little attention 
to social life, or to sports, either before or after entering the University 


of California, from which he graduated in 1888. 

In college days he became interested in the altitudinal distribution 
of the flora and fauna of California mountains. As this was exactly 
in the field of investigation then being exploited by C. Hart Merriam, 
Chief of the Division of Ornithology and Mammalogy of the United 
States Department of Agriculture, it is not surprising that the two 
men came together and that the recent baccalaureate was appointed 
Field Agent of that organization in 1889 . 

The fate that shapes men’s ends was soon at work. Doctor Merriam 
had planned an expedition to study the biology of Death Valley and 
adjacent territory in southern California, and, though he took part in 
its early phases, he left in response to an invitation from President 
Benjamin Harrison to act as one of a Bering Sea Commission to 
study the fur seals and make recommendations for their management. 
Thus, instead of spending the field season of 1891 in torrid Death 
Valley, Doctor Merriam went to the frigid Pribilof Islands and left 
Palmer, one of the younger men of the group, as its leader. 

While an aura of romance, possibly due to its name, surrounds the 
Death Valley Expedition, and the participants looked back upon it 
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as their great adventure, reporting upon it was disjointed and was 
never completed. Four of eight authors of chapters in the main 
published report (North American Fauna, No. 7, 1893) were not on 
the Expedition; the botany was treated in a Contribution from the 
National Herbarium; and no general account of the mammals has ever 
appeared. The Fauna referred to is labelled Part II; and Part I, 
postponed indefinitely, apparently is represented only by two papers 
privately printed at Washington by Doctor Palmer in 1952. These 
are: ‘‘Place Names of the Death Valley Region in California and 
Nevada”’ (80 pp.), and ‘‘Chronology of the Death Valley Region in 
California, 1849-1949" (25 pp.). These were edited by Doctor 
Palmer from material supplied by himself, by two historians in the 
Library of Congress, and by three employes of the Death Valley 
National Monument. Through the years he collected everything he 
could find relating to Death Valley—books, maps, manuscripts 
doubtless the most complete assemblage of its kind, and this he be- 
queathed to the Henry E. Huntington Library at San Marino, 
California. 

Doctor Palmer was a lifelong, and an ardent, book collector and 
got together a fine library, particularly rich in sets of scientific period- 
icals, that filled to over-flowing three rooms in his residence. This 
was willed to the University of California, with transportation paid 
from Washington to Berkeley. He not only collected variously but 
in the end it proved to very good purposes. 

But to get back to his career: by the year 1892, the reports of the 
Death Valley Expedition, so far as they were written at the time, had 
to be done. The World’s Columbian Exposition at Chicago was 
coming on and the Department of Agriculture prepared exhibits 
for it on a lavish scale. Most of these were returned after the Fair 
and housed in a vast, barn-like structure on the Department of 
Agriculture grounds. Every branch of the Department was represented ; 
the exhibits must be prepared, sent to Chicago, and installed; then 
after their period of publicity, returned and re-displayed in Washing- 
ton. The administrative detail necessary to accomplish all this was 
not to the taste of Chief Merriam and we may be sure that Palmer 
was assigned a full share of the supervision, thus leading up to his 
periods of service as Assistant Chief (1896-1902 and 1910-1914). 

Despite other activities, the early years at Washington gave Palmer 
opportunity for further education, of which he took advantage to the 
extent of winning an M.D. degree at Georgetown University. Possibly 
this was in emulation of Doctors Merriam and Fisher, the entire 
original scientific staff of the organization, both of them graduates 
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of the College of Physicia1 d Surgeons in New York City. How- 
ever that may be, Palmer : I ticed medicine and apparently 
had no idea of doing so 


There was pressure on the nascent Biological Survey to make 
everything look ‘“‘economi nd Palmer hare in the response was 
a bulletin o1 roup of injurious mammal The Jack Rabbits of the 
United States’ (1896; revised 189 By 


economic”’ is meant in 


relation to agriculture and the word was in the title of the organization 


from the beginning in 1885 until its designation as the Division of 
Biological Survey in 1896 


Palmer dipped into scientific phases of the work, describing, with 


E. W. Nelson, five new birds from Mexicx 1894, and contributing 
some short notes on bird nomenclature and distribution to ‘The Auk.’ 
To the most technical series of the Survey’s publications—the North 
America! 


Faut he contributed its bulkiest number (23), of almost 
a thousand pag: This was the ‘‘Index Generum Mammalium,”’’ 
which appeared in 1904. The beginning of it was a collection of 250 
names turned over to him by Doctor Merriam in 1889. This he 
increased until in 1902 it numbered around 4,500. Palmer records 
the great assistance in the work of Miss Thora Stejneger who made 
three trips to enlarge and verify the compendium in European libraries. 
It does no harn draw renewed attention to that collaboration here 
and to point out that Miss Stejneger, an accomplished linguist, was 
the sister of Leonhard Stejneger of the National Museum. In my 


earliest Survey days, I w her busied with the final stages of the 

“Index, nswering if anyone ever did to what is conceived as a 

typical maiden lady ind as unobtrusive and quiet as a nun. 
However, Doctor Palmet tastes led him away from established 


+1 ‘ 


lines of the Survey’s program, and he specialized in the field of legisla- 
tion affecting wildlife; developed a branch of the organization to 
handle it, of which he was leader (1902-1910 and 1914-1916); and 
with which he was in some way associated during the remainder of 
his career in the Civil Servic« 

His flair wa r compiling {1 summarizing basic information, 
and he prepared number of publications that have never been 
superseded, 5 Extermination of noxious animals by bounties” 
(1897): “The danger of introducing noxious animals and birds’”’ 
1899 Hunting licens [heir history, objects, and limitations” 
(1904); ‘‘Private game preserves and their future in the United States” 
(1910); and ‘Chronology index of the more important events in 
American game protection, 1776-1911” (1912 


Related publications of this fruitful period were: “‘Bird day in the 
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schools’’ (1896); ‘Legislation for the protection of birds other than 
game birds” (1900); “Laws regulating the transportation and sale 
of game’”’ (with Henry Oldys, 1900) ; ‘A review of economic ornithology 
in the United States’’ (1900); ‘‘Some benefits the farmer may derive 
from game protection” (1905); and “Game as a national resource”’ 
(1922). 

Some of these were trail-blazers, the 1899 paper on introductions 
leading to the Lacey Act of 1900, regulating the importation of noxious 
animals and prohibiting the transportation in interstate commerce 
of game killed in violation of local laws. ‘Bird day in the schools” 
was a precursor of Audubon Society activities; and directories of 
officials anid organizations concerned with wildlife protection, and 
digests of game laws, begun in 1901 and done wholly, or participated 
in, by Doctor Palmer until 1915, are features of Federal conservation 
work that are continued to this day. 

Under Doctor Palmer’s direction, but at first by his own hand, a 
comprehensive collection of information on wildlife conservation 
was assembled in card catalog form, upon which Henry Oldys and 
R. W. Williams of his Division based valuable publications, and 
which can still be mined with profit by conservationists who are 
bibliographically inclined. 

Administration kept pace with the definition of programs and under 
Doctor Palmer the work grew until it included inspectors at principal 
ports of entry and roving agents to aid in enforcing the importation 
and interstate commerce clauses of the Lacey Act. In this memorial 
in ‘The Auk,’ let it not be forgotten that the Biological Survey, as a 
whole, and specifically its work on the distribution, migration, and 
economic value of birds, as well as on bird protection, grew out of 
Committee activities of the American Ornithologists’ Union. 

Quoting now from T. Gilbert Pearson’s chapter on ‘“‘Bird Protection” 
in ‘Fifty Years’ Progress of American Ornithology 1883-1933,” 
published by the Union in 1933, we learn that: 


“During the period from 1895 to 1905 the A.O.U. Committee was very active. 
Five of these years Witmer Stone was the Chairman, the other five William Dutcher 
occupied this position. During that decade the [A.O.U.] Model Law [for the pro- 
tection of non-game birds] was adopted by 32 states. Efforts for its enactment were 
carried on with the constant advice and close cooperation of Theodore S. Palmer. . . . 
Mr. Dutcher, on more than one occasion, wrote: ‘I do nothing without first consulting 
Palmer.’” (p. 201). 


This campaign among the state legislatures required a great deal 
of travel at first by Dutcher and Palmer and later by Palmer and 
Pearson. Not only were songbird protection and the organization 
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of local Audub cietic dvanced, but efforts were made to build 
machinery to enforce protective laws, as by encouraging the establish- 
ment of state warden systems, game commissions, and conservation 
departments 

Doctor Palmer was the leading authority in this field, witness the 
publications pr usly noted, and his advice was weighty with 
legislative committees ome of this work is outlined in Pearson’s 
book, Adventur it rd Protection 1937). With Pearson, 
Doctor Palmer revived the National As iation of State Game and 
Fish Wardens in 1914, and it has continued in active existence ever 
since, now being international in scope in the Americas. 


Through the merican Ornithologists’ Union, Dr. Palmer became 
acquainted with George Bird Grinnell who founded an Audubon 
Society which lived only from 1886 to 1889; and with William Dutcher, 
main instigator of the Association which later became the National 
Audubon Society The first meeting of the Board of Directors of 
Dutcher’s project was held January 30, 1905, and Doctor Palmer 
was elected Second Vice-President In 1908 he was advanced to the 
First Vice-Presidency, in which capacity he served until 1936. He 
was elected a member of the Board of Directors in 1907, his term to 


begin in 1908, and he continued on the Board also until 1936—a 


period of 28 years 
At the same time he did not neglect his home area, helping to found 
the Audubon Society of the District of Columbia in 1897, and serving 


as its President, 1924-1941 Upon his retirement from that office, 
he was named President Emeritus and remained throughout life. 


This Association conducted bird classes for teachers in the District 
of Columbia schools and organized spring bird trips for all interested— 
activities into which employes of the Biological Survey (including the 
writer) were regularly drafted Doctor Palmer directed the indoor, 
and Professor W. W. Cooke the outdoor, programs. Mr. Irston R. 
Barnes, now President of the Audubon Society of the District of 
Columbia, informs me that Doctor Palmer’s records pertaining to 
the Society have been placed in the Washington Public Library. 

Doctor Palmer summarized in print ‘‘Laws for the protection of 
birds and game in the District of Columbia’”’ in 1901. He followed 
legislation, promoting it in 
public hearings and by personal interviews with Senators and Rep- 
resentatives Congress then, and still, is the legislative body for 
the District of Columbi It is safe to say that he influenced all 
such legislation from 1900 to 1924 and in some instances was the 


all District and National conservation 


rincipal factor He wrote the preliminary draft of the treaty for 
I I r 
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protection of birds migrating between Canada and the United States 
(1916); and was Chairman of the Committee [other members: A. K. 
Fisher; W. W. Cooke] which prepared the first regulations under the 
Migratory Bird Treaty Act (1918). He relished such activities and 
even after retirement he often visited congressional offices in support 
of measures in which he was interested. 

This memorial has already made free use of the flashback and an- 
other is now necessary to bring the bird sanctuary movement into 
focus. In 1900 the A.O.U. Bird Protection Committee, at the sug- 
gestion of, and by means of funds provided by, Abbott H. Thayer, 
began the guarding of colonies of gulls and terns. This led to the 
sanctuary program of the National Audubon Society and to that of 
the Federal government through the Biological Survey and its suc- 
cessor the Fish and Wildlife Service. 

Pelican Island, Florida, where the birds had been slaughtered by 
fishermen, was first of the Federal sanctuaries—a consummation of 
efforts by Frank M. Chapman, William Dutcher, and T. S. Palmer, 
with essential aid from C. L. Du Bois and Frank Bond of the United 
States General Land Office. The facts being submitted to President 
Theodore Roosevelt, he issued an Executive Order (March 14, 1903) 
setting apart the island “‘for the use of the Department of Agriculture 
as a preserve and breeding-grounds for native birds.”’ 

That established a precedent. Frank M. Miller recommended 
similar treatment for Louisiana breeding colonies of sea _ birds. 
Through Bond’s cooperation, it was learned that some of the islands 
involved were government property; President Roosevelt was again 
appealed to; and he responded, creating by decree the Breton Island 
Reservation (October 4, 1904). Bond, a lifelong ornithologist, being 
Chief Clerk of the General Land Office, was in good position to col- 
laborate in the refuge program; Doctor Palmer threw in the resources 
of the Biological Survey; and William Dutcher those of the National 
Audubon Society; and by 1909, fifteen additional reservations for 
the protection of birds were made by Executive Order. Some ques- 
tion arose as to the legality of the method but Congressional approval 
was given by a law passed in 1906. 

The Hawaiian Islands Bird Reservation, several large areas of lake 
and marsh in the public domain, as well as the reservoirs of irrigation 
projects in western states, were made sanctuaries in the same manner. 
Whatever happened later, that was the very substantial beginning 
of the Federal Wildlife Refuge Program, and Doctor Palmer was in 
the thick of it. He was a man who never seemed hurried, hence 
with so large an accomplishment, he must have been highly efficient. 
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Great as v interests in the matters thus far discussed, that 
in the Ameri Ornithol Union was greater. As noted in our 
introduct ce, he lected to the Class of Fellows in 1901, 
but he ha I b gaged in busin« of the Union, serving 
on the commit which, under the Chairmanship of Dr. Jonathan 
Dwight, ]J1 repared t Index to the Bulletin of the Nuttall 
Ornithologs ib 6—-1883 1 t . The Auk ... 1884 

190 wledgment to Doctor mer for assistance in ob- 
tainil ull es of hors reveals the biographical interest in 


He w Chairn f the Committe continuation of the Index 
through tv les 0 ublished 1915) and 1911-1920 


such index ly to those who have been through the mill) 
is justifi | the us« their products. Doctor Palmer 
had individu eas for reasing that utility by providing complete 
names of author d b LI g each of these decennial 
publicatior Biographical Ind containing references to 
obituaries pri! in ‘The Auk’ and giving place and date of birth 
and death of 1 eceased. When no longer on the Index Committee, 
Doctor Palmer w largely instrumental in the continuation of the 
biographical sections and for completing the names of authors. Such 
assistance pecifically knowledged in the Indexes for 1921-1930 
(H. S. Swart! 134) and 1931—1940 (George Willett, 1941). 

Doctor Palmer was ever interested in keeping up to date the list of 
deceased members of the A.O.U. and summarizes its history in the 
‘Biographical lex and list of deceased members of the American 





Ornithologists’ | ; follow 

The first list f the Amer rnithologists’ Union appeared in 
The Auk’ for 1 t of eceased member. During the 
next five years 1 f < rs wet urked merely by an asterisk but 
in 1892 they were first brought together in a rate list with the dates of death. 
This arrang t follov : i then the list has been published 
only I furt! hange was made by including 
referer ry tices t verting the list into a biographical index. 

“The last te list, wl t in July 1940, contained more than 750 
names and refer to biog: i f about 550 individuals. In 1945 the list 
included only additiotr bseq t i Che present list contains 1055 names 
and refere t grapl f ) individual 


This index is dated 1950 and appears to have been privately printed 
by Doctor Palmer. It is paged v—xxiii and was distributed with the 
following note Recipients are requested to remove the covers and 
insert the List in ‘The Auk’ for 1950, immediately after the intro- 
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ductory pages following the title page.’”’ As Secretary, he was for 
frequent issue of the list of members and would have had it annually 
except for the objections of Editors of ‘The Auk’ to so much being 
spent in that, to their minds, barren direction. However, the list 
of members is a very useful thing, and in this writer’s opinion should 
be published at no longer than five-year intervals. From his experi- 
ence as Treasurer (1920-1938) he knows that the overturn in addresses 
can be theoretically complete in a lustrum, the annual rate of change 
being about 20 to 25 per cent. 

It was characteristic of Doctor Palmer to wait until he was in control 
of a job, then to pitch into it intensively and shape it as his own. So 
it was with the two Index Chairmanships and with the Committee 
on Biography and Bibliography; and so it was with the Secretaryship 
of the Union. He loved the ritual of the position at the annual 
meetings; the precise order of business, the calling of the roll; and, 
as well, the opportunity to take part in discussion of papers, motions, 
and resolutions; and to comment on the history of a situation, in a 
sonorous voice of some oratorical power. 

He studied the classes of membership, doubtless to educate himself 
for the job, but he gave the results in short articles in “The Auk.’ 
He wrote also on the geographical distribution of members, on the 
Check-Lists, on indexes to ornithological literature, full names of 
authors, and attendance at meetings; and from time to time pre- 
sented lists of all meetings of the Union. Probably his banker’s 
training led him to take special interest in the permanent funds of 
the Union and to push the development of a Board of Investing 
Trustees to handle them. He was especially keen on the establish- 
ment of funds for research and was active in promoting free member- 
ship for promising students and for those in the Armed Forces in 
wartime. He worked hard to increase the number of complete 
sets of ‘The Auk’ in libraries and reported the results in four different 
papers in “The Auk’ (1920, 1924, 1929, and 1930). 

Perhaps the culmination of his secretarial service was stimulation 
of the project, enlistment of its contributors, and editing of the result- 
ing volume on “Fifty Years’ Progress of American Ornithology 
1883—1933,’’ published by the Union in the latter year. I believe 
I do no injustice in stating that of the Committee for this work: 
Frank M. Chapman and T. S. Palmer, the former’s service was more 
or less nominal and that Doctor Palmer is the one who conceived the 
venture and pushed it through. Further, his opening chapter on 
the history of the Union, and the closing chronology by him are among 
the most informative parts of the work. 
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The publication of obituaries of ornithologists was encouraged by 
the first two Editors of ‘The Auk’ (J. A. Allen, 1884-1912; Witmer 
Stone, 1912-19 und Doctor Palmer more than kept up the tradi- 
tion. He was on a Committee on Biography from 1915 and on 
that for Biography and Bibliography from 1919, and he wrote more 
hes than did any one else. At his own expense he 
reprinted all obituaries (except the longer memorials of Fellows) 
from ‘The Auk,’ 1884-1954 (Washington, D. C., 1954). This com- 
pilation is said to have cost the Doctor twenty dollars per volume. 
Many copies were distributed gratis and the remainder were turned 
over to the Union for sale for the benefit of the publication fund. 

letter of August 15, 1954, it is evident that Doctor Palmer 





biographical sket 


From a 


intended to supplement this work, as he wrote: “I have under way, 
partly writte: list of the 80 or more A.O.U. memorials, giving 
authors, references, et ind, he added, ‘‘Memorials by the way are 
in a bad condition. Twelve are still unpublished.” 

Doctor Palmer sought out and recorded the place of burial of 
ornithologists, made pilgrimages to them, and in one case, I know of, 
had the tombstone (that of J. K. Townsend in Oak Hill Cemetery, 
D. C.) reset at his own expense (or as he said by an anonymous donor). 
His devotion to necrology brought some jibing, as to the effect that 
he would make a good sexton, and that living members had better 


1 


watch out as the Doctor was not satisfied until he had Doth of the 
terminal dates of a prospect. But, jests aside, his activities in these 
directions were praiseworthy, and he set a fine example in his prolific 
biographical writings. Further, I would add that the worth of a 
Society can well be judged from the respect it pays to its deceased 
members; and from that point of view, T. S. Palmer contributed 
more than any other person toward maintaining the prestige and 
honor of the American Ornithologists’ Union. As a further value, 
be it remembered, that all history, including that of our Union, is in 
no small part written in the biographies of individuals. 

nature, was greatly interested in the collection 
of portraits of ornithologists—a hobby of our late, lamented Fellow, 
Ruthven Deane (1851-1934 This collection, in the making for 
more than half a century, through the intercession of Doctor Palmer, 
was presented to the Library of Congress by Deane shortly before his 
death. There Palmer and Frank Bond, employed by him, carefully 
arranged and labelled the collection, and provided it with a card 
index, which lists the name, dates and places of birth and death, 
professional position, publications, and biographical references for 
each individual. Here we see scope for the respective abilities of 


Doctor Palmer, by 
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Palmer and Bond. For the latter’s expert calligraphy, see page 24 
in O. W. Knight’s ‘Birds of Wyoming” (1902). Bond made all of the 
illustrations for that work, which are fair as bird paintings now go, 
but increased his proficiency in later years, especially in portraying 
birds with metallic coloration. The team work here noted resulted 
also in an index of bird artists of the world and an indexing of the 
minutes of the A.O.U. Council Meetings, which Doctor Palmer per- 
suaded the Council to deposit in the Library of Congress. 

One of the most useful of Doctor Palmer’s writings is: ““Notes on 
persons whose names appear in the nomenclature of California birds, 
a contribution to the history of West Coast ornithology’’ (Condor, 
30: 261-307, 1928). This consists mainly of brief, biographical 
sketches of persons for whom birds of Upper and Lower California 
had been named either in technical or vernacular nomenclature— 
about 180 in all. It is illustrated by portraits of six of them and in- 
cludes an index of published portraits of 115. The introduction 
shows that the Doctor fully appreciated the ‘‘romance”’ of the subject, 
which was, indeed, near to his heart. This paper was enlarged and 
completed while he was on leave for the benefit of his health at Berke- 
ley, California, in 1927. Too bad we do not have a compendium 
like it covering all of the birds in the Check-List that are named for 
persons. 

In a work on “Ornithologists of the United States Army Medical 
Corps” (1942), the author, Colonel Edgar E. Hume, acknowledges 
much assistance from Doctor Palmer, especially in lists of species 
named by, or for, biographees, and toward a roster of ornithologists 
in the Medical Department during the First World War. About 
a third of the older, and half of the newer, group were affiliated with 
the American Ornithologists’ Union. 

Doctor Palmer had a great interest in longevity of scientists and 
an ambition to excel in that respect himself. He did better than 
average, reaching almost 87% years. One of his “heroes’’ was Pro- 
fessor Joseph Beal Steere of the University of Michigan, author of 
“Fifty new species of Philippine Birds,’’ whose life span was from 
1842 to 1940. I have several times heard the Doctor refer to Steere 
as a good example. Doctor Palmer was confined to the house as 
a result of a broken hip the last 24% years of his life, and died July 
24, 1955. He is survived by his widow whom he married as Bertha 
M. Ellis, November 21, 1911; and by a ten-year younger brother, 
Dr. Harold K. Palmer of Los Angeles, California. 

Doctor Palmer was a member of about 25 North American and 4 
foreign scientific or conservation organizations. (For details, see 
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‘Who's Who in America.’ Significant features of these memberships, 


not already mentioned, are that as a leading Californian ornithologist, 
he was made an Honorary Member of the Cooper Ornithological 
Society; he was President of the Biological Society of Washington 
1909-1910; Vice-President of the American Society of Mammalogists 
1928-1934; one of the honorary scientific brotherhood, Sigma Xi; 
and member of the Cosmos Club of Washington for sixty years. 


For contribut f material relating to Doctor Palmer, I am indebted to Joseph 





S. Wade, John K. Terres, and Harold H. Bailey; and the Library of Congress; and for 
information as to the source of the portrait to Mrs. Bertha M. Ellis Palmer. It was 
taken in 1942 


text that contain biographical data 


Publicatior t referred t the preceding 1 
on our late Fel nd long-time Secretary are: American Men of Science; National 
Cyclopaedia of American Biography, Vol. A, 1930, p. 474; Annual Report of the 
Library of Congr for the | Year 1934 139; Guide to Special Collections 
of Prints and Photographs in the Library of Congress, 1955, p. 46; Atlantic Naturalist, 


1955, 11 (1 4 short appreciation by John W. Aldrich.]; and Cosmos Club 


Bulletin, 9 +, March, 195¢ Obituary by Joseph S. Wade and Paul H. Oehser.] 


3 Davie Ci Chapel Hill, North Carolina, April 20, 1956. 
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SOME MECHANISMS OF FAMILY 
INTEGRATION IN DUCKS 


BY NICHOLAS E. COLLIAS AND ELSIE C. COLLIAS 


Tue family life of ducks has been analyzed, to some extent, by 
various investigators. Some very useful studies have been made in 
Finland by Fabricius (1951), who has also summarized much of the 
earlier literature on the subject. Many of his observations were 
of birds trained to follow him while he acted as substitute-parent and 
observer. In the application of this profitable method he followed the 
earlier lead of Heinroth (1911) and of Lorenz (1935), who have given 
much impetus to the analytic study of avian social behavior, particu- 
larly in Europe. In North America, Mrs. Nice (1953) has successfully 
applied this same method to 12 ducklings of five different species. 

In our own study, we have also made use of ducklings trained to 
follow a human observer. In addition, we have relied on the observa- 
tion of duck families in nature and in pens. Many of our working 
hypotheses were derived from an earlier study of the development 
of social behavior in chicks of the domestic fowl (Collias, 1950, 1952). 
The justification for this application was shown by the remarkable 
degree of similarity in the results for these rather widely different 
types of bird. 

A shortened version of this report was presented before the American 
Ornithologists’ Union on September 10, 1954. 

The observations to be described were made at the Delta Waterfowl 
Research Station in Manitoba. This station operates a series of 
incubators in which are hatched duck eggs collected from nests in the 
surrounding marshlands, thus providing a good opportunity to study 
the behavior of young ducklings under controlled conditions from the 
time of hatching. Furthermore, the abundant population of nesting 
ducks of various species in the immediate vicinity of the research 
station greatly facilitates field studies on the behavior of wild ducks 
under natural conditions. During three successive summers, we were 
able to use the facilities of the station through the kindness of the 
director, H. Albert Hochbaum, and with the support of the Wildlife 
Management Institute and the North American Wildlife Foundation. 
The director and Peter Ward, hatchery superintendent at Delta, 
were very helpful in giving us many useful suggestions during the 
course of our work. We wish to thank Milton Weller, James Teer, 
Arthur Hawkins, and Charles Evans for facilitating our field studies 
of ducks in nature, Arthur Hallerberg and James Crow for advice on 
the statistical treatment of our data, Milton Weller and Frank Mc- 
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Kinney for permission to cite from their unpublished work, and H. 
Albert Hochbaum, Frank McKinney, and Emma Mae Leonhard for 


a critical reading of an earlier version of the manuscript. 


FIELD OBSERVATIONS 


We focussed our attention on the response of following the parent, 
since ducklings which do not follow the mother and become lost are 
thereby automatically divested of all the vital benefits of family 
life. The most crucial period response of following would 
seem to be the time of leaving the nest For this reason, field ob- 
servations were made from a blind on the leaving of the nest under 
natural cond two broods of ducks, one representing a diving 
duck and the other a surface-feeding duck. The species concerned 
were the Canvasback (A yt/ valisiner and the Blue-winged Teal 
rly interested in the nature of the 
call notes used by the mother to attract the young. 

The Canvasback brood was watched from a blind some 16 or 17 
feet from the nest. ‘The nest was placed over water in a dense growth 
of cattail The brood left the nest on June 18, 1953. Two days 
earlier at 8 p.m., 9 of the 15 eggs had been pipped, and next morning 
5 of the eggs wer tched. ‘These 5 ducklings were dry when counted 
at 1 p.m. It follows that at least some of the 10 ducklings that left 
the nest at 9 a.m. the next morning had spent close to 24 hours in the 
nest before their final departur« This Canvasback nest, as is not 
uncommon in this area, had been parasitized by the Redhead (A ythya 
americana), and 6 Redhead ducklings hatched in addition to 4 Canvas- 
back duckling 

The femal nvasback was not heard to vocalize until the actual 
departure of the brood from the nest The observer was in the blind 


-~ 


(Anas discors We were particul 


for three hou June 17, the « before the brood left (female was 
on nest 2 hours, 20 minutes On leaving, the observer slipped 
quietly from the blind and stood to one side in full view of the female 
on her nest, which now contained 5 hatched young ones. She sat 


still and alert, with meck erect, and as the observer slowly took two 
steps toward her she flew directly up from the nest into the air, and 
then circled the nest several times at a distance of 40 to 60 yards, 
occasionally giving her alarm not rather harsh kurr. The young 
remained in the nest 

On June 18, the observer entered the blind at 5:45 a.m. The female 
had apparently left unseen at his approach and did not return for 2 
hours. In the meantime, the ducklings were left in the nest un- 
attended After the observer had been in the blind for 20 minutes 
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one duckling left the nest and the company of its nestmates. It 
soon began giving distress calls which promptly ceased when it climbed 
back into the nest and rejoined the others, a few minutes after having 
left. Some 45 minutes later, six of the young Jeft the nest together 
and commenced feeding; this local excursion extended to a distance 
of at least six feet from the nest. Whenever one of the ducklings 
became separated from the others it gave distress calls until it had 
regained the company of its fellows. The young returned to the 
nest about 20 minutes after leaving. The mother was nowhere to be 
seen or heard during all this time, and before she returned, some of the 
young made another local excursion, this time lasting about 15 minutes. 
As they climbed back into the nest on their return and crowded 
together, the ducklings gave contentment notes. 

Just after the last duckling was in the nest, the mother finally 
returned, silently. The young gave contentment notes as she got 
up on the nest. She stood and preened herself for six minutes before 
settling down to brood the young. From time to time the ducklings 
were heard to give contentment notes. For one hour, the mother, 
apparently silent, brooded the young. At first she was quite alert 
and then gradually dozed off, head and beak turned backwards and 
resting on her back or shoulder. 

She then roused and became very alert with neck upstretched, 
looking this way and that for 10 minutes, particularly toward the 
blind. At 9:01 a.m. she left the nest, and within one minute all of 
the ducklings had followed her into the water. To quote from the 
(N.C.) field notes: 

As the female enters the water she commences to call, at the same time swimming 
slowly and quite steadily, directly away from the nest. . . . She calls a low-pitched 
kuk-kuk-kuk-kuk-kuk-kuk, etc., about six times per second, i.e., as fast or faster than 
aman can sayit. Her call is so faint, that although I can hear it very definitely and 
distinctly in the blind, 15 to 20 feet away, I doubt if I would be able to hear it, had 
I been as much as 30 feet away. In general, her accent is quite steady with no 
special emphasis on any one note. The rhythm of the kuk-kuk . . . is occasionally 
broken as if she had sometimes to take a breath, and once or twice her voice broke 
into a louder but still faint, somewhat quacking note. In the kuk-kuk .. . call, 
I occasionally hear higher overtones, but these are weaker than the fundamental. 
This call is mot at all harsh, thus differing strongly from her usual alarm note. The 
ducklings follow the female at once with no evident hesitation, but they do trail out 
in singie file rather than in a compact mass, and I hear a few distress calls, probably 
from ducklings that are temporarily a few inches or a foot behind in the fast moving 
procession. The entire act of leaving the nest takes only about one minute. The 
female moves off to the left in the cattails, calling continually, and disappears from 
view almost at once, and within two minutes the family can no longer be seen or 


heard. 
At 9:45 the female returns silently to the nest, apparently alone; she climbs up on 
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riV veral very faint, low-pitched tes that are not at all harsh and 


is, the ducklings all show up, coming from 

from which the fem had appeared. Some ducklings 

er her, others swim about the nest 2 or 3 feet away, before re- 
[he excursion led by the female was about 45 minutes long. 

fe le preen rself vigorously for 10 minutes 

broods the duckling Then she dozes, occasionally rousing 

k a t witl k erect in alert fashion. After one-half 

1 ‘ ep, with bill tucked ¢, but she does open her eyes at a 


fter a period of rt lasting about 10 minutes, the female stands 
befor tually leaving the nest she takes 

of the ducklings precede her into the water 

ger toleave. ‘This time she does 

wh il y in the water, and her calling is 
I< rely hear it feet away As she swims off with the ducklings 
g noise which perhaps also serves to attract the ducklings. 

ection away from the blind. 

ot returned to the nest with 


[eal brood was watched from a blind only four 
1ich was located in a field of grass. By placing 
vetween the nest and a road about 20 feet from the nest, 
er made it possible to enter and leave the blind at will 


were pipped on July 13, 1954, at 9:15 a.m., but 

when checked at I u. on the next day. How- 

the ducklings hatched in the afternoon, and in contrast 
tivel leek appearance before the hatching, the female 
uffed out, and the feathers of her body, especially of the 
t ed and her wings were partly spread out and drooped 


oung. It was later found that all but one of the eggs hatched. 


15. the observer entered the blind at 5 a.m., and about 
later the female commenced t ill a very faint, somewhat 
[his was the first time that the female had 

1 to vocalize while on the nest, although 8 hours had been 
] two days (3 hours on July 13, 





fter at least some of the ducklings had hatched. The rate 
e per second, sometimes speeded up to two 
second. Each note was very brief and quite soft. Soon 
W calling regularly while she brooded the young. The 
often given at teady rate but sometimes were in groups 
note There was no perceptible movement of her bill or 
he called, but her breast and tail jerked very slightly with 
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each kunk! Sometimes the female would fall silent for 5 or 10 minutes, 
and then she would again commence to call. Occasionally she would 
preen her breast. 

At times the young were all beneath the female; frequently some 
emerged from beneath her. One or two ducklings gradually wandered 
as far as eight inches from the edge of the nest but maintained close 
contact with the mother and rest of the brood by a bridge of other 
ducklings in between. 

At 8:18 the female became quite restless and alert, looking about 
repeatedly in a cautious fashion. At 8:21 A.M. the brood left the nest. 
To quote from the (N.C.) field notes: 


The female leaves, walking two or three feet from the nest into the grass, and 
while she does so, calls more loudly than before and faster (up to 3 calls per second). 
All of the young face her, and within 15 seconds one of them starts out after her— 
she continues calling, but the rest of the ducklings just crowd together in the nest 
and watch her, but do not follow. Within one minute the mother returns to the 
nest, settles down over the young, and now calls only occasionaly. 

Two minutes later she rises and again leaves the nest, down another of her regular 
“‘walk-ways,” calling steadily and rapidly (3 calls per sec.) as she goes. The young 
looked toward the mother, crowded to the side of the nest nearest her, and within 
5 to 10 seconds after she had stepped off the nest, they ended their hesitation and 
while keeping virtual contact with one another they stream out of the nest and 
follow after her. I can hear the hen calling as she moves off to the southeast and 
lose track of her after she is 15 to 20 feet away. This distance was covered in about 
one minute. One egg that failed to hatch is all that is left in the nest. 


Although the observer remained quietly waiting in the blind for 
one hour, the family did not return; nor was the family on the nest 
when a cautious check was made at dusk of that same day. 

A number of points of interest to the analysis of family integration 
emerged from the observation of these two families at a critical stage 
in their history and can be summarized as follows. 

1. The female, in the case of both species, was not heard to give the 
attraction calls for the young until after they had hatched, although 
the female on her nest containing pipped eggs was observed for some 
hours before the young hatched. Frank McKinney informs us that 
he has heard a Canvasback hen on 5 well-chipped eggs emit some 
quiet notes sounding like ‘‘tuc-uk-uk-uk.’”” McKinney has made 
intensive observations of incubating Mallard hens, and wrote us as 
follows (February 8, 1955): ‘“‘No calling occurred on the nest during 
incubation. From the first stage of hatching (eggs chipped) the female 
calls frequently. At first the notes are very quiet indeed and can 
only just be heard as a slight squeaking from a few yards distance. 
As hatching proceeds, notes become louder.” 
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2. After the fis ung hatched, there was a period of some 18 
hours in the Blue-winged Teal brood and about 24 hours in the Canvas- 
back brood, before the family finally left the nest. This quite pro- 
longed period ociation in the nest’ provided considerable op- 
portunity for tl ther and young to become conditioned to each 
other 

3. When the female left the nest very abruptly, as when the female 
Canvasback flushed directly from her nest, the young apparently 
made no « to foll 

4. The leavit the nest by the Canvasback brood was a gradual 
and comparative lrawn out proce with a number of short pre- 
liminary excursions by the young in the absence of the mother and 
one such excut with her; but leaving of the nest appeared to be a 
relatively abrupt affair with the Blue-winged Teal brood. This dif- 
ference is ass ted with the location of the nest over water in the 
former sper 1 wit land nest in the latter; however, one cannot 
generalize without observation of more nests and broods. 

Wher kling I back bi me separated from the 
rest of the bi it gave tre l when it rejoined the brood, 


6. In both ecies the male be e very alert and watchful 
shortly before le I the nest 
7. In the ( r f the Blue-wit ced Te ] tl 


tion notes tor the young more k 


e female gave her attrac- 
yudly i rapidly at the time the 
family actually left the nest In the f the Canvasback brood, 
the female was heard to give this call only at the time the family 
left the nest but may have given it when not observed. Milton 
Weller tells us that he has heard a female Redhead give the kuk-kuk 
or attraction call, after t young had hatched and before as well 


rily follow the mother immediately 
on her leaving the nest, even when she calls them, as was seen in 


the raction call of the moving parent for 
the young, when compared with other call notes of the species, was 
relatively soft and low-pitched and consisted of brief, rapidly repeated 
monosyllabic notes of weak intensity. The broody call of the female 
Redhead, as described to us by Milton Weller, is quite similar to that 
of the female Canvasback. We have also heard the broody call of 
the females of the Baldpate (Mareca americana), Lesser Scaup (A ythya 
affinis), and Mallard (Anas { rhynchos); in these species, the call 
resembles that of the other species in consisting of brief repetitive 
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notes of relatively low pitch and weak intensity. These same charac- 
teristics are found in the clucking of a broody domestic hen. In fact, 
it was found readily possible to attract ducklings of Canvasback, 
Redhead, and Mallard on the day of hatching by clucking to them. 


ANALYSIS OF THE RESPONSE OF FOLLOWING 


It is well known that ducklings can be readily trained to follow 
a human observer, and our experience resembled that of other ob- 
servers in this regard. 

The response of following the parent seems to be a response to 
sound and movement as such. If the person being followed suddenly 
ceases all sound and movement, a day-old duckling will at once become 
lost and gives its distress call, even though it happens to be perched 
on the shoe of the substitute parent. 

In analyzing the response of following the parent by ducklings, 
we decided it would be best to start work with ducklings on the day 
of hatching. The best age for the development of the response of 
following comes during the first day after hatching as we had pre- 
viously observed in chicks of the domestic fowl (Collias, 1950, 1952) 
and as Fabricius (1951) had found for the Tufted Duck (A ythya fuli- 
gula). In general, ducklings older than about 24 hours were likely 
to have developed a marked fear response, which causes them to 
avoid any large approaching object. Ducklings younger than about 
5 hours were likely to be too weak in their legs to follow very well. 

It is evident that both innate and learned factors, i.e., factors of 
both heredity and of individual experience, enter into the develop- 
ment of the response of following the parent. Innate tendencies, which 
will be summarized first, include responses to sound and movement. 

In the field, while holding motionless and imitating the parental 
attraction notes of the Canvasback hen, one of us attracted a mixed 
brood of Canvasback and Redhead ducklings that had just left the 
nest, causing them to turn back and swim directly toward the observer, 
approaching to within a few feet of him. 

Canvasback and Redhead ducklings in the first day of hatching, 
taken from the incubator and tested at once, were found to move 
toward an imitation of parental attraction notes under conditions 
under which they could not see the source of the sound. To an 
imitation of the parental alarm call played repeatedly on a commercial 
duck-call they were rather indifferent, or else moved away (Table 1). 
It should be remembered that these ducklings were in their first day 
after hatching and that their fear response had not yet become fully 
developed. 
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These tests were made in a runway that was three feet long and 
lined with cheese cloth walls. It was illuminated from within so 
that the observer could see the duckling, but the duckling could not 
see the observer. The duckling was placed in the center of the 
runway, and the sounds were emitted by the observer at one end of 
the runway Each test lasted 30 seconds, with a 30-second interval 
given 3 tests to the 
parental attraction notes and was then given 3 tests to the alarm 
call: the order of these two sounds was changed with different duck- 


of silence between tests Each duckling was 


TABLE ! 


CANVASBACK AND REDHEAD DUCKLINGS IN First Day AFTER HATCHING MOVE 
Notes, AND AWAY FROM ALARM NOTES 








ed in feet 
alls Difference* 
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lings. Each figure ‘abl he distance moved in all 3 
tests taken tog: 

Another series sts, done with Mallard ducklings, also on the 
day of hatching, using much the same procedure as outlined above, 
showed that these ducklings go much more readily to low-pitched, 
short notes than to high-pitched, short notes. They are also more 
attracted to short notes than to long notes, regardless of pitch (Table 
2). The differences in each case were statistically significant. 

The Mallard eggs used in this test were collected from the nests 
of wild birds and were not from game-farm stock. The same is true 
of all Mallards and other species of ducklings used in tests described 
in this report. The duckling was placed at one end of the runway. 
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TABLE 2 


MALLARD DUCKLINGS, ON Day oF Hatcuinc, Go Mucu Mors READILY TO 
LOW-PITCHED, BRIEF NOTES THAN TO HIGH-PITCHED, LONG NOTES 








Age in —————Number of feet moved toward sound <siiiie 
Duckling hours Low-short High-short Low-long High-long 





17. 
52 
22 

2. 
45 
35. 
43. 
15 
21. 

8. 
19. 


16.0 0. 

45.0 13. 13. 
6. 0. 

—1. 
30. 
12 


4. 


t 


Fr OONN NO UM 
oO 


KSOCMONAMReODH Ee 
= 
Mooocoooucon 
NOnN DAA NHN OO 


_— 
_— 
- © 
=) 


wn 


Average 25. 13.3" & 





* Probability of chance difference between low, short and high, short notes = .002 (Student's small 
numbers formula). 


The observer, at the other end of the runway, sounded the notes on a 
pitch-pipe. Each test lasted one minute, with a 30-second interval 
of silence between tests; each duckling was given 3 to 5 tests for 
each type of sound. For low notes, the E below Middle C was used; 
for high notes the E in the second octave above Middle C was used. 
Short notes were as brief as the observer could make them (a fraction 
of a second long). Long notes were about 3 seconds long. All notes 
were played repetitively, with only a fraction of a second between 
notes. The four sounds tested were low-short, high-short, low-long, 
and high-long. The sequence of the different sounds was changed 
systematically with different ducklings. 

Another series of tests with Mallard ducklings was conducted, 
and although the same general procedure was used, the rate of these 
notes was varied in different tests. Only low-short notes were used. 
Each duckling was tested to notes delivered at the rate of 3 per second, 
1 per second, and 1 every 3 seconds. An interval of 30 seconds was 
maintained between tests. The results in Table 3 show that Mallard 
ducklings on the day of hatching go much more readily to high than 
to low rates of artificial sound repetition. 

The preceding tests showed that ducklings can be attracted to 
appropriate sounds when they cannot see the source of the sound. 
It was also demonstrated in the laboratory that ducklings on the 
day of hatching may follow a moving object in the absence of sound 
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TABLE 4 


REDHEAD DUCKLINGS ON Day oF HATCHING FoLLow A MoviING 
OBJECT IN ABSENCE OF SOUND ORIENTATION 








Number of trial in which follows 





Age in Goes full Regularly (10 
Duckling hours Starts distance successive trials) 

1 11-15 l 13 50* 

2 12-15 21 32 63 

3 15-18 1 10 9 

4 15-18 11 25 41 

5 15-16 9 18 57 

6 15-16 15 20 20 

7 16-19 3 15 15 

8 16-19 7 10 10 

9 17-20 19 55 55 

10 16-22 10 28 47 
Average 10 23 37 





* Only nine successive trials for this duckling. 


TABLE 5 


REDHEAD DvUCKLINGS FOLLOWED SouND PLUS MOVEMENT 
BETTER THAN THEY FOLLOWED MOVEMENT ALONE 











Movement Movement 
alone + sound Proba- 
(10 birds) (12 birds) bility* 
First trial in which follows 9.7 6.6 0.37 
First trial follows full distance 22.6 10.3 0.025 
Follows regularly (10 successive trials) 36.7 18.2 0.020 





* Fisher's formula for small numbers. 


TABLE 6 


REDHEAD DuCKLINGS FOLLOWED MovEMENT PLus SouND Mucu BETTER 
WHEN RETESTED | To 6.5 Hours AFTER THE INITIAL TEST. 
AVERAGES OF TEN BrirpDs 











Probability* 
Initial Retest of chance 
test difference 
First trial in which follows 7.5 1.0 0.072 
First trial follows full distance 13.1 1.4 0.053 
Follows regularly (10 successive trials) 25.9 4.8 0.003 





* Student's method of paired comparisons for small numbers 
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despite the wide scatter of dots, there are two distinct and well sepa- 
rated groups of dots representing the initial and retest trials, re- 
spectively. 

The period of time (1 to 6.5 hours) between the first tests and the 
retests seems too long for the difference to be accounted for by con- 
ventional ideas of physiological temporal summation. Maturation, 
in the sense of innately determined growth changes, might enter in 
but would seem to be unimportant in this experiment, because the 
improvement in following on retesting was not closely associated with 
the age of the birds. 

Learning is further important to the attachment of ducklings to 
their specific mother. Thus, the ducklings belonging to a Mallard 
hen within an outdoor flight pen, on the day of leaving the nest, 
were seen often to follow older ducklings in the pen as well as their 
mother. This often resulted in their being attacked and bitten by 
these ducklings; and within a few days, they had learned not to follow 
the older ducklings. 

Learning has its limitations. We gathered some evidence indicating 
that it is very difficult if not impossible for training to reverse the 
normal preference of a duckling for sound stimuli having certain 
specific properties, for example, low pitch, if the duckling has had 
the opportunity to hear the sound it prefers. During the first 5 days 
after hatching, two Redhead ducklings were each exposed repeatedly 
to a series of low-short notes alternating with a series of high-short 
notes, each series of notes being continued for 10 seconds. This was 
done for more than one-half hour daily for each duckling. One 
duckling was consistently “‘rewarded”’ only while the high notes were 
sounded, the reward being physical contact with and sight of repeated 
movements of the human observer, as substitute-parent. The other 
duckling was rewarded only while low-pitched notes were being 
sounded. Both ducklings, when tested in the cheesecloth runway 
on the fourth, fifth, and sixth days after hatching, continued to prefer 
low-pitched to high-pitched notes. It is possible that repeated 
exposure to the former but not the latter notes functioned as its own 
reward. Such selective and innate responsiveness to appropriate 
stimuli with disregard of inappropriate stimuli must play an important 
role in limiting and channeling the development of the response of 
following the parent. 

Another important factor in the development of the response of 
following the parent is the social facilitation of this response through 
the presence of other members of the brood. We were able to induce 
two three-day-old Redhead ducklings (old enough to have a marked 
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individually in a runway about 2% to 3 feet from one end where 
there was a compartment screened with paper and wire behind which 
other ducklings could be placed without being seen by the test duckling. 
When a group of ducklings was placed in the end compartment, the 
ducklings generally kept up a continual twitter of contentment notes. 
When a single duckling was placed in the end compartment, it gave 
distress calls more or less continuously until the end of the test. 
Each test lasted four minutes, and the observer recorded the latent 
time before the test duckling started to move toward the source of 
sound and also the time required to reach the screen, once the test 
duckling started to move. Generally, the test duckling remained 
at the screen when a group of ducklings emitting contentment notes 
was behind the screen. If, instead, there was another duckling 
giving distress calls behind the screen, the test duckling, as a rule, 
did not remain very long before leaving, moving back and forth in 
the runway while giving its own distress calls. 

The response of following the mother is made possible by the 
tolerance of the mother for the brood and of the various members of 
the brood for each other. A brood of young ducklings in the flight 
pen was attacked not only by the older ducklings but also by all of 
the five adults in the pen, with the exception of their mother and 
another broody female Mallard. At the same time, the mother 
frequently attacked and drove other ducklings away from her brood. 
Aggressiveness between ducklings reared together in the incubator 
was rarely observed before the third or fourth day after hatching; 
it would seem, therefore, that this delay in the development of ag- 
gression within a brood would permit the members of the brood to 
remain together until they had developed a strong attraction for one 
another. 

The aggression of ducklings and their mother toward other ducks 
and ducklings probably helps to maintain the family size within 
manageable limits. When reinforced by the aid or presence of 
the mother, ducklings of the brood readily attack much older and 
larger ducklings. In fact, one downy Mallard duckling, in the second 
day after hatching, was seen to chase an adult female Mallard. 


DEVELOPMENT OF SPECIES RECOGNITION 


An important part of the study of family life in ducks concerns 
the relationship of family life to species recognition. 

Objective evidence for species recognition in ducks comes from 
the obvious tendency of ducks of different species to mate and to 
aggregate with their own kind and to be more or less segregated 
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from other species. This species segregation prior to the period of 
sexual activity could result from one or any combination of three 
groups of responses: (1) the responses of the parent to the young, 
(2) the responses of the young to the parent, and (3) the responses 
of the young to other ducklings 

To test the responses of the mother to ducklings of strange species, 
experiments were conducted in a large flight pen. The eggs were 
removed from an incubating Baldpate and from an incubating Mallard 
hen, and eggs of other species were substituted. In the case of the 
Baldpate these eggs were Mallard eggs, and three of them hatched. 
The young were tolerated, brooded, and defended, as were ducklings 
of three other species—2 Redheads, 2 Canvasback, and one Blue- 
winged Teal—ranging in age from 1 to 4 days, which were added 
to the brood on the day after the first young hatched. 

The substitute brood of the Mallard hen included 4 Redheads 
and 2 Mallard ducklings, all of which were hatched beneath the hen. 
This brood provided a somewhat better test of species recognition of 
ducklings by the mother than did the Baldpate brood mentioned 
above, since the Mallard hen had a choice between her own and a 
strange species. Nevertheless, this Mallard hen tolerated, brooded, 
and defended the Redhead ducklings just as well as she did the Mal- 
lard ducklings 

After 5 days a strange Mallard duckling of the same age as the 
ducklings of the brood was introduced into the pen near the family 
and at once was attacked by various older ducklings that did not 
belong to the family. The mother Mallard, on hearing its distress 
cries, swam to its aid, drove off the older ducklings, and then herself 
bit the downy du kling she had rescued until it managed to escape 
from her. Still this Mallard hen continued to tolerate, defend, and 
care for the 4 Redheads of her mixed brood, in addition to her own 
2 Mallard young 

No completely satisfactory data were secured regarding the pref- 
erence of ducklings for a parent of their own species, but it was noticed 
that the various species of ducklings in the mixed brood of the Baldpate 
hen followed her as a more or less coherent group. In the mixed 
brood of the Mallard hen, the Redhead ducklings followed the Mal- 
lard hen just as well as did the Mallard ducklings. However, Red- 
head ducklings due to the parasitic habits of the species might con- 
ceivably have a relatively strong tendency to follow a mother of 
another species. In another case, a brood of Mallards was hatched 
beneath a Ring-necked Duck (Aythya collaris) female, and the duck- 
lings were adjudged to follow their foster mother poorly and to be 
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more scattered than we have observed to be normal for young Mallard 
broods. This Ring-necked mother was broody, defended, called, 
and persistently followed her straying and scattered brood. This 
last case suggests that at least in some species of ducks the normal 
family integration and species segregation may depend partly on 
inherited tendencies of the young to prefer a mother of their own 
species, perhaps related to inter-locking behavior patterns of mother 
and young. 

Ducklings may be hatched with or develop some degree of attraction 
to specific call notes of broody birds of certain other species, and 
their attraction to some call notes may develop much sooner than 
does their attraction to other calls. For example, six Mallard duck- 
lings hatched beneath a broody domestic fowl would go to her clucking, 
which was given in response to the distress calls of the isolated duck- 
ling, within six hours of hatching, even when the hen was screened 
from the view of the duckling. But the daily tests showed that it was 
not until their second week that the ducklings began to come promptly 
and regularly to the food calls of the hen, whether they could see 
her or not. It seems probable that normally ducklings are capable 
of learned reinforcements to the parental call-notes of their own as 
well as those of some other species. 

Attention was next turned to the study of the tolerance of ducklings 
for other ducklings. It has often been observed in the course of 
routine work at the Delta hatchery that the different species even- 
tually tend to segregate out from each other to some extent, although 
raised in the hatchery together, often from the same incubator tray, 
and without the complication of a parent. Evidence was secured 
suggesting that specific intolerance between ducklings of different 
species helps to account for this tendency toward species segregation. 
For example, when a mixed group of 3-weeks-old Mallard and Pintail 
(Anas acuta) ducklings was driven out of the hatchery into a pond 
through a door that had been left open for some days, the Pintails 
promptly reéntered, being driven back in by other Mallard ducklings 
which had been resting outdoors near the door. The result was a 
neat separation of Pintails indoors from Mallards outdoors. 

The aggressive-submissive interactions in a mixed group containing 
22 Mallards and 22 Pintails, hatched together and kept together in 
the same brooder, were observed and tabulated during their first 11 
days after hatching. It was found that the Mallard ducklings dom- 
inated and were intolerant of the Pintail ducklings (Table 8). Pintail 
ducklings are much grayer than are Mallard ducklings. During the 
period of observation there seemed to be some tendency toward 
species segregation, but it was not very marked or definite. 
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Mallard and Pintail ducklings. These results were also statistically 
significant (Table 9). We have also observed an instance in which a 
lone Canvasback duckling was kept in a group of Mallard and Pintail 
ducklings, all of which were somewhat older and larger than was the 
Canvasback. Nevertheless, this greatly outnumbered little Canvas- 
back duckling consistently dominated these other species, with the 
exception of one Pintail about three times its size. 

Resident Mallard ducklings may dominate strange Redhead duck- 
lings introduced into their living quarters and attack the latter much 
more often than they attack strange individuals of their own species. 
Thus when we introduced 2 Redheads, about 3 weeks old, and 3 
Mallard ducklings, 15 to 17 days old, into a yard containing six resident 


TABLE 10 


MALLARD DUCKLINGS ATTACKED STRANGE DUCKLINGS OF THE SAME SPECIES LESS 
FREQUENTLY THAN THEY ATTACKED STRANGERS OF ANOTHER SPECIES 








Species introduced 
Mallard Redhead 





Number of birds introduced 3 2 
Attacks by six resident Mallards 
First 5 minutes 28 96 
Second 5 minutes 33 
Total attacks 61 230 


Probability of chance difference between attacks 
on Redheads and on Mallards* P < .0001 





* Chi Square test. 


Mallard ducklings, also 3 weeks old, the resident Mallards attacked 
the Redheads several times as often as they attacked the introduced 
Mallards (Table 10). Eventually, all of the introduced birds were 
driven into hiding in various places in the yard. During succeeding 
days there followed a period of gradually increasing toleration by 
the resident birds for the newcomers. 

One might inquire as to the significant cues in this interspecific 
intolerance, and an experiment was arranged to help answer this 
question. It happens that Canvasback and Redhead ducklings, 
like the young of diving ducks (Aythyinae) in general, lack the con- 
spicuous eye-stripe of ducklings of the Mallard, Pintail, and most 
other surface-feeding ducks or Anatinae (Hochbaum, 1944: 101). 
Twenty Redhead ducklings were painted with black eyestripes, 
and 20 other Redhead ducklings of the same hatch and raised in the 
same brooder were left with faces unpainted. Observations were 














july] ( I p ¢ LIAS, Family Integration 397 
made almost daily during the first two weeks after the ducklings had 
hatched, for a total time of 8% hours, and we saw twice as many 
attacks on ducklings with artificial face-stripes as on the normal, 


plain-faced ducklings. The difference was statistically significant 
(Table 11 \ctually, the rate of aggression was so low, compared, 
for example, with the frequency of attacks by Redhead ducklings on 
Mallard ducklings reared with them, that it seems probable that other 
cues to species recognition, possibly involving voice and other differ- 
ences in behavior are also important 


Some confirmation of this supposition was obtained, when it was 
observed that 8 Redheads and 7 Mallards reared together and then 
tested individually in the cheesecloth runway when about a week 











TABLE 11 
REDHEAD Duc! PAINT! VITH EYE-STRIPES WERE ATTACKED MORE OFTEN 
THAN | ED REDHEAD DUCKLINGS, BY OTHER REDHEAD DUCKLINGS 
Bird attacked 
riped face Unpainted face 
Ag 
fa 23 11 

T ' +, face 19 8 
To 2 19 
Probability of chance difference* 4 003 





old, moved toward individuals of their own species under conditions 
where they could hear but not see other ducklings. A group of duck- 
lings of each of the two species was hidden at either end of the runway 
within a special compartment. Interestingly enough, each duckling 
group in the end compartments would answer the distress calls of the 
lone test duckling of its own species but was either silent or called 
much less often in response to the test duckling of the other species. 

During our third summer of study it seemed desirable to check 
more closely the inter-individual relations of ducklings with respect 
to dominance and grouping behavior. Accordingly, a group of 7 
Redheads (5 female: 2 male) and 9 Canvasback (6 female: 3 male) 
of the same hatch were individually color-banded, raised together, 
and watched for a total of about 16 hours when they were from 2 
weeks to 2 months of age. A total of 675 aggressive-submissive inter- 
actions was observed, and 104 of the 120 possible paired relationships 
between different individuals, i.e., permutations (combinations) as 
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determined by the formula, m(m — 1)/2, were observed. In only 11 
out of 86 combinations in which more than one interaction was seen, 
was a reversal of dominance involved, i.e., one bird dominated another 
bird and was in turn dominated by this same bird at a later date. 
Furthermore, in 23 combinations, a given individual dominated the 
same subordinate bird on 10 or more different occasions and was 
never seen to be dominated by this subordinate. These results 
indicate that even among these young birds dominance relationships 
were consistent between different individuals most of the time. 

Each of the 7 Redheads was seen to dominate all or all but one 
of the 9 Canvasbacks, whereas none of the Canvasbacks ever domin- 
ated more than one or two of the Redheads, and only one Canvasback 
consistently dominated a Redhead (the smallest one). The Red- 
heads dominated the Canvasbacks in 12 times as many encounters 
as the reverse. The dominance order, regardless of species, showed 
no consistent parallel to differences in sex or weight. The average 
weight of the Redheads near the close of the observation period 
was 611 grams, that of the Canvasbacks was quite similar, 669 grams. 

The sensory cues involved in the species recognition were not 
established, although it was noted that the Canvasbacks almost from 
the start had a more sloping profile, a lower-pitched voice, and more 
often used a rolling alarm call than did the Redheads. 

The Redheads were relatively intolerant of Canvasbacks, and 
on the average, the Redhead ducklings dominated each of their 
Canvasback subordinates almost twice as often as they dominated 
each of their Redhead subordinates. A point of some interest was 
the fact that the Redheads showed more intraspecific tolerance than 
did the Canvasbacks, which belonged to the subordinate species. 
On the average, each Redhead dominated its Redhead subordinates 
much less frequently (ratio of 7 to 12) than each Canvasback dom- 
inated its Canvasback subordinates. 

In general, aggression did not occur in relation to food competition 
but was often observed when one bird was moving about and disturb- 
ing resting birds, and aggressions could readily be provoked by moder- 
ately crowding the birds. We often observed that the more wary 
Canvasbacks would quickly crowd into the corner farthest from 
the observer, but the Redheads would then preémpt this corner 
and would repeatedly drive away the Canvasbacks, thus gradually 
resulting in a segregation of the two species with the dominant Red- 
heads in the preferred location. A quite typical grouping pattern 
when the birds were undisturbed was with a group of Redheads in 
one place surrounded by a scattering of Canvasbacks on the periphery 
of the Redhead group. 
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However, dominanc: und differences in wariness were 
only part of the mechanism pecies segregation. Partial species 
segregation began t n ible at about the second week after 
hatching, but sj ; segregation was never complete under the condi- 
tions of study imes it seemed evident that individuals would 
walk over and form a group with other members of their own species, 
although no threatening or driving by the other species was involved. 
It was as if a1 tual species preference existed; to what extent this 
phenomenon might depend on conditioning is conjectural. 


SUMMARY AND CONCLUSIONS 


In concluding this report on the analysis of family integration in 
ducks, we think that our evidence could and should be made still 
more objective by the consistent use of mechanical sound recordings 
and of mechanical movement, in an appropriate way. But such 
devices often lack much of the flexibility so important to the initial 
stages of any investigation In the present analysis we have at- 
tempted to indicate what we believe to be some of the more profitable 
lines for furth nvestigations and to contribute some convincing 


evidence for these conclusion 


The following conclusions seem justified for at least some species 


of ducks. Ducklings on the day of hatching have a strong tendency 
to follow a moving object, particularly if this object emits soft mono- 
syllabic sounds of low pitch at a rapid rate. Intersensory summa- 
tion of the visual and auditory cues greatly enhance the response of 
following, as does the mere experience of following the parent. Other 
factors that facilitate the response of following the parent by ducklings 
are the absence of a strong fear response during the first day after 
hatching, contagious behavior and leadership by other members of 
the brood, toleration within the family, and probably increased 
social attachment with repeated satisfaction of any inherited response 
tendency related to social life 

Species recognition in some ducks depends in part on intolerance 
by ducklings of color differences and perhaps of voice and other 
behavioral differences in other species of ducklings. The most basic 
of these color differences may be the general color pattern that char- 
acteristically distinguishes ducklings of most surface-feeding species 
(Anatinae) from those of most diving ducks (Aythyinae), i.e., the 
presence of a conspicuous eye-stripe in the former and its absence 
in the latter. Tolerance of the parent bird for ducklings of the same 
species as the parent and attraction of ducklings to a parent bird of 
their own species, rather than of some other species, depend in large 
part on the circumstance that ducklings are normally reared by a 
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parent of their own species. However, evidence was also secured 
suggesting that there may be some inherited preference by ducklings 
for parents of their own species. 
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4 WINTER POPULATION STUDY OF THE 
WESTERN WINTER WREN 


Y RICHARD E. PHILLIPS AND HUGH C. BLACK 


DURING an assignment to the upland game research station main- 
tained by the Oregon Cooperative Wildlife Research Unit, we had an 
opportunity to study of the resident bird life. The Western Winter 
Wren (Troglodytes troglodytes pacificus) was selected for an intensive 
study because relatively little was known about the life history of the 
subspecies. The study was begun with a census on November 13, 
1952, and concluded by one on February 16, 1953. The main objec- 
tives were to determine the normal daily range of the species in winter, 
to discover roosting sites, to determine population densities, and to 
record unusual behavior. We wish to express our appreciation to 
Mr. Arthur S. Einarsen, Unit Leader, and Dr. Robert M. Storm, 
Assistant Professor of Zoology at Oregon State College, for their 
review of the manuscript and helpful criticism. 

Very little work has been done on the winter habits of the Western 
Winter Wren. A search of the literature revealed nothing about the 
daily range in winter, but Armstrong (1953) in his discussion of the 
St. Kilda Wren (Troglodytes troglodytes hirtensis) mentions breeding 
territories between 17,000 and 30,000 square yards in size. Assuming 
that the ranges are circular, the radius would be about 75 to 100 yards. 
He quotes Heath as suggesting that an Alaska Wren’s (T. t. alascensis) 
territory extends for a quarter of a mile along the coast. No other 
references to the subject were discovered 

Little information on roosting during the winter season is available. 
5) describes an instance of community roosting in a bird 
box in Washington during severe weather when thirty-one wrens 
roosted in one box and others tried to get in but found noroom. They 
began to gather at sunset and for half an hour played about the bird 
box. Singly and in groups they would dash up to the cabin wall, 
cling there a moment, then with a flying leap change their position 
to one a little nearer to the bird box. This was continued until they 
could spring upon the roof of the box, from which they dropped to 
the little platform and entered After a moment they would usually 
fly out again and cirdle around, only to repeat the aforesaid maneuver 
and finally disappear silently through the tiny opening into their 
lodging house.’ sent (1948) quotes Forbush as saying that the bodies 
of these Winter Wrens are occasionally found beneath lumber piles, 
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and he mentions one that had taken up quarters in a knot-hole in a 


barn, but he does not state that it roosted there. Laidlaw Williams 
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(1947) gives a detailed account of the roosting habits of four or five 
that roosted close together, about 12 feet above the ground, on a limb 
of a Monterey pine close under an accumulation of dead needles. 
He quotes the Handbook of British Birds as saying that individuals 
of the British race usually roost singly but sometimes as many as ten 
have been recorded roosting regularly in a cocoanut shell, and thirty 
or more in one group of House Martins’ (Delichon urbica) nests. 

The winter section of Audubon Field Notes, the main source of 
published winter population studies, does not record any studies made 
in the Western Winter Wren’s habitat. Quay (1947) reports a study 
that mentioned the eastern form as occurring in the southern pine 
region and as common in deciduous woods in the south, but he gives 
no density figures. 

The study area was located on Eliza Island, one of the San Juan 
Islands, in Whatcom County, Washington, and was restricted to the 
56-acre elevated and forested eastern portion of the island. The 
island is about six miles from the city of Bellingham and has a total 
area of 158 acres. 

The area is clothed with a stand of Douglas fir (Pseudotsuga taxi- 
folia), grand fir (Abies grandis), and western red cedar (Thuja occt- 
dentalis), that also contains a mixture of red alder (Alnus rubra), 
dwarf maple (Acer douglasi), big-leaf maple (Acer macrophyllum), 
and willow (Salix sp.). The stand is predominantly middle-aged 
and of medium but not uniform density. Scattered individuals of 
madrone (Arbutus menziesii) and yew (Taxus brevifolia) occur through 
the area, and the hardwoods are distributed over most of it. Clumps 
of big-leaf maple occur and form an open grove in one place. 

No well-defined understory is present, and young reproduction is 
thin or lacking. A variety of shrubs and herbs is present and is 
characterized by nearly pure stands of single species. The principal 
ones are salal (Gauitheria sp.), nettle (Urtica sp.), sow-thistle (Sonchus 
sp.), blackberry (Rubus sp.), snowberry (Symphoricarpos albus), 
sword fern (Polystichum munitum), Oregon grape (Berberis sp.), and 
ocean spray (Holodiscus discolor) in approximately that order of 
abundance. Shrub growth is heaviest where the overstory is least 
dense and where the younger age classes predominate. It is also 
particularly heavy along the seaward east bank. A few scattered 
openings of small size are present, and most of the forest floor is 
fairly open with little downed timber. 

The study area is relatively flat and is bordered on three sides by 
steep banks extending down to the beaches. On the other side 
are open, gently rolling cultivated areas. Elevation extends from 
sea level to 60 feet. 
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To facilitate censusing, a grid was laid out using a hand compass 
and a cord two chai 132 feet) long. Lines were run north-south 
and east-west, and all corners were marked with identifying cards 
stapled to tr r stake [he north-south lines were lettered while 
the east-west ones were numbered, giving an easy location for records 
on the are [he two-chain grid gave 0.4-acre quadrats, permitting 
accurate plotting of sight records and serving as a basis for vegetation 


analysis 

The census was carried out by slowly cruising along the grid lines, 
plotting all wrens seen or heard nearby enough to be located accurately. 
A dog was used on several occasions to aid in obtaining a complete 
count. Counts were not made on days of high wind because the noise 
and motion materially increased the difficulty of finding the wrens. 
The area was naturally broken into three parts that could be censused 
independently with little danger of duplication even though the areas 
formed a continuous tr 

Three separate methods were used in attempting to determine an 
individual’s range: followit n individual wren, inspection of plotted 
locations of wrens from censuses for repeats in an area, and marking 
of individual wret1 Marked wrens were subsequently followed by 
direct observation, or they were simply recorded on the overlays of 
the study ar nd their range determined by noting the distance 
between locations where they were seen on diferent days. By permit- 
ting positive identification of individuals, marking contributed to the 


accuracy of range determination by both methods. 
Unsuccesst ttempts were made to trap wrens for marking. A 
figure-4 trigger was used as perch in a hardware cloth box trap, 


both by using blind sets and by utilizing dripping water as a lure, but 
the attempts were unsuccessful. Use of a butterfly net showed some 
pos ibilities, but the method was not used because of the difficulty 
in handling the net in brush 

Wrens were effectively rked with a paint-tipped dart propelled 
through a blowgun made from a three-foot length of one-inch pipe. 
The dart w four-inch cedar sliver with a cotton wrap of sufficient 
diameter at the rear to fit the pipe snugly. A forward wrap was 
pulled over the tip as a pad which could be dipped in the brightly 
colored airplane dope used for marking. The dart was shot at the 
wrens from distances varying from five to fifteen feet. 

Three methods were used to study roosting habits. Reliance was 
primarily o1 rect observation. Wrens were followed and closely 
watched from late afternoon until they had gone to roost or until 
darkness precluded further observation Some possible roost sites 
(holes and cracks in snags and decayed portions of standing trees) 
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were kept under constant surveillance from late afternoon until after 
dark. Inspection of these roosting sites was also made after dark 
by climbing and checking with the aid of a flashlight. 

Counts were made from November 13, 1952, until the last count on 
February 16, 1953, a total of 18 counts of the various sub-units of the 
study area. The results follow. 


North Point Central Woods South Point 


Date Number Date Number Date Number 


November 13 16 December 31 10 December 2 16 
December 31 10 January 5 22 December 14 13 
January 2 14 January 12 10 December 31 14 
January 12 13 February 16 16 January 5 14 
January 16 11 January 14 10 
January 24 19 January 16 8 
February 11 17 February 9 7 


Average 14. 11 


Estimated 
number 


present 18 20 14 


The averages of the counts are thought to be low because it was 
generally found that the wrens were so hard to see that the chance for 
errors of omission were much greater than for those of duplication; 
but the highest figures for the censuses are not taken either because 
at the time they seemed to include duplications. Altogether, then, 
we have a total average census of 40 wrens and, from our experience 
in the field, good evidence of 52 as the wintering population on the 56 
acres of the study area. This seemed to be a rather high density, 
so four other islands were censused to determine whether they had 
similar wren populations. In censusing these islands the two observers 
made an effort to keep one chain (66 ft.) apart so that the area trav- 
ersed could be computed in acres. This was not accomplished be- 
cause the dense undergrowth made it impossible to maintain any- 
where near a uniform distance apart while getting accurate counts 
of the wrens in the included area. ‘Thus the figures are of those 
wrens seen or heard and are merely indicative of relative abundance. 

Two census strips were run on Vendovi Island, the first through 
an alder bottom where red alder was the dominant in a mixture of 
Douglas fir, western red cedar, and grand fir. The understory con- 
sisted of a dense growth of salal, dwarf maple, currant (Ribes san- 
guineum), blackberry, snowberry, and ocean spray. The second strip 
ran over the 330 foot-high center of the island and down to the north 
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shore. Here t vegetation was dominated by scrub madrone and 
alder with w scattered old-growt uglas firs. Moss blanketed 
the ground, and s1 Vy, ( 1 spray, salal, and Oregon grape 
grew thickly nly two wre! rer n or heard in the two hours 
of the censu listat of about 1 rds. This would indicate a 
much lower density than exists on Eliza where one could expect to 
see from ten to twenty wre! similar census. 

The census Point Frances was along the terminal moraine that 
makes up tl thern rim of the islan hen back across the middle. 
The vegetation v f a cut-over rain forest of western red cedar, 
western hemlock (7suga heterophylla), big-leaved maple, and red 
alder he ground was covered with slashings and windfalls. Elder- 
berry, blackbert snowl } nd sword fern were the dominant 
ground cover with so lal mixed in. The central part of the island 
is a low swat tl was flooded at the time of our visit. On this 
island a total of eleven wrens wa n in three hours and two-and- 
a-half miles of walki his mis be nearer to the density of the 
main study area than it appears, as the conditions were very poor for 
censusing orf ; if 

Lummi Island was censused by ning a strip up from Inati Bay 
on the « ide to tl rest al hen by following roads around the 
north portion back to the starting point. The first eight-tenths 
mile, that from the bay to the 1700-foot ridge, started through an 
alder bottom and passed through thick cut-over fir on steep slopes. 
Madronse ( ray 1, and snowberry were the most common 
shrubs nly o1 n wv , and it was in a small patch of 
scrub fir near the ridge-toy his population is very low, even com- 
pared to the density found on Vendovi Island. Five more wrens were 
seen duri! he re f an eight-mile hike, mostly under a tall tree 
canopy, | the c E4 ittl mificance because the observers 
were traveli t rapidly to make a good count 

Sinclair Island, the last island that was censused, produced the 
highest wren densi he swampy area in its northwest quarter 
was ¢ ed y his was a deep swamp of western red 
cedar, grand uglas firs, and scattered big-leaved maple. Sword 
ferns, currat yeean spray, and snowberry were the shrub 
dominants fallen timber as well as the ground and the lower 
portions of nding es wa uped in a thick coat of mosses. 


Fifteen wrens w n in four hours and as many miles. This 


appeared to be th bitat visited - 
In determining th lily range of the wrens to see if they tended 
to stay in one area for the winter, it was at first thought that plotting 
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NUMBER OF WRENS PER QUADRAT 
FicureE 1. Number of wrens seen per quadrat plotted against the number of 
quadrats. 





censused individuals would be of considerable value, but because most 
of the wrens were not individually recognizable, this plotting method 
was unsatisfactory. It did, however, show that there were preferred 
areas where occurrence records tended to be grouped. Wrens were 
recorded from only 120 of the 180 quadrats and parts thereof included 
in the study area. Roughly two-thirds of these records were from 
less than one-third of the area, showing a trend toward localization. 
Figure 1 shows graphically the way the occurrence records were 
distributed among the quadrats. A possible source of error in these 
figures is the chance that the proportion of fractional quadrats in one- 
half of the fraction might be greater than that in the other half. This 
factor was not carefully tested, but general inspection of the maps 
of the area indicated that it was not serious. 

The ground and tree cover on each quadrat was mapped to see if the 
wrens had any preferences. There was no apparent relationship 
between the vegetation on the ground and wren distribution, for the 
birds occurred with equal frequency in everything from dense stands 
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of orchard grass to the barren litter typically found under conifer 
stands. Only areas of very dense salal seemed to lack wrens. Wren 


distribution w related neither to tree species nor to age classes, 
but there seemed to be some correlation with the amount of hardwoods 


in the stand. Maximum wren density was found in areas containing 
between 10 and 40 per cent hardwoods See Figure 2.) In this 
respect, it is interesting to note that the best habitat visited, the swamp 
on Sinclair Isl had hardwoods mixed in with the conifers, and that 
Quay (194 found the wrens common in hardwoods but absent or 


accidental in pines 

Another method by which range was determined was by following 
both marked and unmarked wrens as long as they could be kept under 
observation. One period of one-half hour, two of one hour, one of 





one and one-half hours, one of two and many lesser periods 
were spent this way. Birds were not followed for longer periods, 
because the} re so Guiet and secretive that it was very difficult to 
keep track of a single bird, even at the very close approach allowed by 
the wrens. Of twenty-one wrens followed, not one went more than 


175 feet without doubling back One that was chased to see how 
far it would go started out northeast but doubled back within 80 











408 PHILLIPS AND BLACK, Western Winter Wren it 3 


feet then went about 160 feet southwest before turning again to end 
up no more than 20 feet from the starting point. Occasionally wrens 
were seen to travel farther, especially those that were active in the 
adjoining cultivated fields, and they may do so in going to roost, but 
all our observations point to a daily range of less than 200 feet. 

To substantiate observations made by following birds, four were 
marked with airplane dope and plotted on a map each time that they 
were seen. All were seen at least once again, and the farthest any 
moved was one that traveled about 80 yards in seven days. All the 
others were seen within twenty yards of the marking point. On 
numerous trips, careful search was made for marked individuals, 
but none was seen although they were found in their accustomed 
spots at later dates. By the end of the census period the paint had 
probably worn off, which would explain their not being seen at this 
time. 

Many attempts to follow wrens to their roosts in the evening 
failed, but they did indicate that the birds were active on the ground 
until late in the evening. Then they seemed suddenly to flit up into 
the trees and to disappear. On January 14, two wrens were watched 
moving over the forest floor at 4:30 p.m. (P.S.T.). They hopped 
onto a fallen branch and sat together. One tried to mount the other 
but fell off. The birds seemed to reverse roles several times. Finally 
they flew to the ground and were joined by three more. The whole 
group flew up to a hole about 20 feet above the ground in a maple. 
In a moment all flew to the base of a nearby maple clump where they 
apparently fed before fluttering up the trunk of a dead stub and dis- 
appearing into one of the numerous woodpecker holes in it. This was 
at 4:50 and sunset was between 4:39 and 4:45, however, it was a dark 
evening and the birds were barely visible against the sky as they 
entered the stub. 

On January 16, the roost tree was again watched. At 4:43 the 
first wren flew into the tree, followed by about ten more at 4:50. 
At 5:00 the last one disappeared into one of the holes. Sunset was at 
4:45. No wrens were seen at this tree on January 17 or 19, but on 
January 22 one flew into the tree and moved actively around the 
roost hole at 5:00, but it was not definitely seen to enter. On January 
24 a single wren appeared at the hole, but it is not certain that it 
roosted there. 

The attempt to find roosting wrens by climbing trees at night 
and examining possible roost holes yielded nothing. 

Weather seemed to have little influence on the activities of the 
wrens because they normally lived in the very sheltered layer next to 
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the ground [here were no periods of cold weather or snow during 
the study, so food was abundant and available to the birds all winter. 


In all the time that the wrens were under observation, only once was 
one seen to go into a tree during the day That one inspected a 
n the cloudy day of January 
8. All the rest of the time the birds stayed low until evening when 


hole in a limb for five minutes at noon 


they went to roost 

Most of the feeding time was spent in holes under stumps, under 
logs, in old brush piles, and under fallen twigs and branches where the 
birds were exceedingly hard to locate. Often they would permit us to 
approach within five or ten feet, and on several occasions let us stand 
on the log under which they were feeding without paying us the 


slightest attention. The ordinary method of feeding was to travel 
along keeping sharp look-out for prey, but once one was seen to 
stamp its feet and vibrate its wings and tail very rapidly, beating 
the feet and wings against the ground cover. The wren stayed in a 
small area for several minutes as it vibrated and turned around and 
around picking up the insects that tried to escape. This behavior 
was seen on December 31, but we never saw it again although we 
watched carefully for it 

Only two basic call notes were used by the birds. One, a sharp 


“chip,’’ was used much like an ordinary flocking note when given 
occasionally; when repeated several times in rapid succession, it 


served as a scolding note or indicated excitement. The only time a 
definite respot to this call was noted was when a pair was seen 
traveling tog: t When they were separated for any iength of time, 
one would give the ‘‘chi ind the other would answer. The other 
basic note w rolling ‘‘br-r-reeeee,’’ very rapidly rolled and repeated 
several tit 1 single pitch [he first time it was noted, on No- 
vember 13, it mediately attracted two other wrens. It seemed to 
be used as a scolding not 
UMMAI 

In winter, the normal daily range of a Western Winter Wren appears 

to average I than two hundred feet in diameter; longer flights may 


be made to the roost site. The only roost that was found was in an 
old woodpecker hole about thirty feet up in a big-leaved maple. The 
birds went to roost at dusk and did not use the same roost during the 
entire period. The population of Winter Wrens on Eliza Island was 
determined to be about 52 birds on 56 acres of suitable habitat, a 
density of 93 per 100 acres. Check censuses of nearby islands 
indicated that other areas probably have similar densities. Attempts 





. ws , Auk 
410 PHILLIPS AND BLAcK, Western Winter Wren Vol. 73 


to correlate ground cover with density failed, but some correlation 
was shown between the amount of hardwoods and wren density, 
the optimum lying between ten and forty per cent hardwoods. A 
tall overstory appears to be essential for maximum densities. 
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ROOSTING BEHAVIOR OF THE STARLING 
IN CENTRAL PENNSYLVANIA 


BY JOSEPH F. JUMBER 


THE Europe Starling (Sturnus vulga is a gregarious species 
and can be found roosting in great numbers in all imaginable types 
of sites, varying from season to season. Not only is the accompany- 
ing noise of this activity annoying in itself, but all too frequently 
much damage is done when these roosts are in warehouses, in airplane 
hangars, in electrical substations, on bridges, or in evergreen trees 
growing near reservoirs 

The fact that practical methods of control have been very few 
suggests that much needs to be known about the roosting and asso- 
ciated activit this speci For this reason, I tried to observe 
the following main points: 1. seasonal shifts in roosting; 2. stages in 
the assembl time and light intensity of the various stages of 
assembly and roosting; 4. effect of weather upon this activity; 5. 
permanence of osts. ‘The observations reported here were con- 
fined primaril roosts found in the vicinity of State College, Penn- 
sylvania, from September 1, 1952, to September 1, 1953, and a brief 
study in Phil Iphia ennsylvania, in January, 1954. 

This study v financed in part by the U. S. Airforce Materiel 
Command, Wright-Patterson Air Force Base, Dayton, Ohio, under 
Contract No. AF-33(038 6. I wish to express my deepest ap- 
preciation to Dr. Hubert W. Frings unde whose direction I conducted 
this study \ ppreciatior expressed to Drs. Bertil G. Anderson, 
Pennover F. English, Adat Anthony, Alvin R. Grove, and Ward 
M. Sharp and Mr. Merrill Wood for reviewing this manuscript, which 
is Paper } 7 in the Journal Series of the Pennsylvania Agricul- 
tural Experiment Stati 


The Starlit eldom, if ever, occupies the same roosting area for 
a whole year but changes from one roosting site to another. These 
shifts in roosting sites appear to be affected mainly by nesting activi- 
ties, migration, weather, and, in the case of roosts in deciduous trees, 
the falling of leaves in autums [hus, Starlings may be found roosting 
at one place r months at a time, only to desert it within a matter 
of a few days or weeks for a different location. During this study, 
September 1, 1‘ to September 1, 1953, Starlings near State College 
showed well-established patterns of seasonal shifts in roosting. 
Summer ro [he requirements for summer roosts are not as 
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exacting as those for roosts used during cold, windy nights of winter 
and are well satisfied by the numerous deciduous trees along highways, 
in parks, and particularly in residential areas. At State College, 
these summer roosts in deciduous trees were scattered throughout 
the city. 

The densely leafed Norway maples (Acer platanoides) and sycamores 
(Platanus occidentalis) were preferred above many other species grow- 
ing along the streets. Even though there may be many such trees, 
it does not necessarily mean that all of them are equally suited as 
summer roosts, and if Starlings are repelled from the existing roosting 
areas they may leave the vicinity completely rather than roost in less 
suitable spots. The choice of certain areas seems to be based on 
the fact that there the trees grow close together, are heavily leaved, 
and thus form a dense canopy. I believe that this canopy-effect 
produced by the deciduous trees along the streets of many residential 
areas is one of the major factors inducing the birds to roost in cities 
and towns. In cases where the trees in such areas are topped or trim- 
med, the Starlings can be eliminated completely. 

Autumn roost.—As the time of migration approached before the 
leaves finally fell from the trees, a shift in roosting site occurred. 
The Starlings left their scattered summer roosts to spend the fall 
evenings in a single roosting area. This site was also composed of 
deciduous trees and was not at the same location as any of the sum- 
mer areas. The Starlings gathered here to roost prior to their partial 
fall migration. 

When observations were first made at this fall roost, it included 
approximately 12 trees, and about 6,000 Starlings were roosting there 
nightly. The changes in the Starling population at this roost from 
October 2 to October 23, 1952, are illustrated in Figure 1. The last 
group of Starlings finally left the fall roost by the latter date, and 
shortly thereafter those which had not migrated southward were 
found roosting in more protected structures. 

Winter roost.—Near State College, winter roosting occurred mostly 
in the cupolas of barns. Starling were found elsewhere, however, 
roosting in a variety of well protected locations, such as the ledges 
of city buildings, on the metal cross members of bridges, in airplane 
hangars, warehouses, viaducts, and even in electrical substations. 
In cities, where ideal roosting conditions may be lacking or over- 
crowded, Starlings may resort to roosting in the open on bare decid- 
uous trees that are well protected by buildings. They may even 
be found spending their winter evenings in evergreen groves where 
they are well protected from the weather. Marples (1934) found 
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and reached a maxit late in March, when spring migration was 
all but completed 

This artifically grown covert was rectangular in shape and measured 
100 yards. ‘The trees had grown to a height 


\ 


approximately 100 
of about 30 feet and developed into a very thick grove, providing 


much cover for roosting Starlings 
This spring roost appeared to be strikingly similar to the autumn 


roost, in that i ras the only roosting site used by Starlings from 
However, in contrast with the autumn roost, it should 
called a “‘blackbird’’ roost, because it was also 
utilized by Red-wings (Agelaius phoeniceus), Purple Grackles (Quts- 
calus quisct ind Cowbirds (Molothrus ater). In addition to these 


miles around 
be more correctly 
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species of blackbirds, the roost was frequented by Robins (Turdus 
migratorius), Mourning Doves (Zenaidura macroura), and by a 
single Ring-necked Pheasant (Phasianus colchicus). 

Early summer roost.—After the break-up of the spring roost late 
in May, there was a shift to small roosting areas, coincident with 
the breeding season, before the Starlings finally moved back into 
their summer roosts discussed earlier. Starlings were found roosting 
from the mid-May to mid-June at an early summer roost composed 
of cattails (7ypha spp.) intermixed with shrubby growth. The 
large roosting population at the spring roost had apparently broken 
up into smaller roosting groups, for only about 5,000 of the original 
25,000 “‘blackbirds’’ roosted at this early summer roost. It was 
located 2 miles northeast of State College and was finally abandoned 
for the summer roosts by the middle of June, thus completing the 
seasonal shift in roosting sites. 


ASSEMBLY 


Perhaps one of the most interesting, and often confusing, activities 
of Starlings is their habit of gathering into large flocks before descend- 
ing into roosts for the evening. This activity can be more or less 
subdivided into four distinct and separate stages of assembly: 1. 
that occurring while the birds are at their feeding grounds; 2. that 
occurring along definite, established routes leading toward the roost; 
3. that taking place in the vicinity of the roost on trees, buildings, 
power-lines, television antennas, or almost any other high structure 
overlooking the roost; and 4. the final assembly of Starlings at the 
roost proper. 

Feeding ground assembly.—Starlings begin to gather into small 
flocks at the feeding grounds and start moving toward the roost 
before sunset, the time depending somewhat upon the season of the 
year and prevailing weather conditions. This movement is very 
leisurely at first, with the flocks stopping frequently to feed, but 
it becomes more hurried as sunset approaches. Starlings using the 
summer roosts at State College began moving toward them from 
one-half hour to one hour before sunset. Where feeding grounds 
are more distant from the roost, Starlings may begin this movement 
as much as two hours before sunset (Wynne-Edwards, 1929). 

Flight-line assembly.—Incoming flocks of Starlings fly towards a 
roost along definite, established routes, commonly referred to as 
flight-lines, and adequately described by Brown (1946). These are 
followed back to the feeding grounds in the morning. These flocks 
become larger and larger in size as they are joined by still other in- 
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coming Starli until the birds may number in the thousands as 
they finally 1 the roost 

Observations made during this study revealed three main flight- 
lines leading to the summer roost: one from the northeast, one from 
the east-southeast, and the the third from the southwest. In addition 
to these, other minor flight-lines converged with the main flight-lines 
or more frequently led directly to the roost. These flight-lines were 
not straight, but twisted and curved Starlings flying toward the 
roost avoided passing over even the smallest of hills and usually 
followed streams, rivers, or valleys where these led in the direction 
of aroost. ‘This behavior v gain evident in the morning dispersal 
of Starlings from their summer roost As the Starlings dispersed 
from the roosts in the northeastern end of town, they began moving 
down the \ y in a steady, unbroken stream extending over three 
miles. Frot high point of observation, I watched this long line 
of Starlings winding its way down the valley avoiding the smallest 
of hills when } ibl \ flight over this area in an airplane showed 
that the air to the right and left of this flight-line, and over the higher 
elevatio! v much more turbulent than that along the flight- 
line 

Flocks of Starlings arriving along these flight-lines flew at noticeably 
different altitudes. Most flocks flew at altitudes of 200 to 300 feet. 
These were much larger in size and arrived later than those flying 
at altitude 0 to 100 feet These bservations corroborate the 
findings of Brown (1946) who reported that flocks which came from 
more distant feeding grounds were larger and flew higher than the 
smaller flocks which arrived from nearby feeding grounds. 

Pre-roosting and roosting asseml tarlings arriving along these 
flight-lines assemble on trees, power-lines, television antennas, build- 


ings, or on other such structures at, or near the roost before finally 
descending into the roost for the night. To avoid confusion during 
later discussions, this preliminary assembly of Starlings at such 
areas before they finally descend into the roost proper will be referred 
to as pre-roosting, in contrast with the term, assembly, applied to the 
final gathering of Starlings at the roost itself. The areas where this 
pre-roosting occurs may correspondingly be called pre-roosting areas 
to distinguish them from the roosts proper. : 

The first arrivals at the pre-roosting areas are few in number, but, 
as sunset approaches, larger flocks arrive, followed finally by smaller 
and less frequent flocks toward the end of the pre-roosting period. 
Before the last few Starlings arrive from the feeding grounds, some 
of the Starlings occupying the pre-roosting areas, as well as other 
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incoming Starlings, begin to assemble at the roost proper. Here, 
they follow rather closely the pattern found for pre-roosting, but 
the assembly at the roost proper takes a much shorter time. 

The above pattern and intensity of pre-roosting and roosting 
assembly are illustrated by the data shown in Figures 2 and 3, obtained 
at a winter barn-roost numbering approximately 175 birds and at an 
autumn roost numbering over 25,000 birds, respectively. 

Oddly enough, the data obtained at both roosts are strikingly 
similar, even though the one was a winter roost, with a very small 
number of Starlings, and the other an autumn roost, with a much 
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larger roosting population. At both the winter and autumn roosts, 
the complete cycle of pre-roosting and roosting assembly required 
approximately 60 minutes. Pre-roosting alone, at the winter and 
autumn roosts, was completed within about 45 minutes. A much 
shorter time, about 25 minutes, was required for final assembly in 
both cases. The intensity of assembly at the two roosts was also 
similar, with pre-roosting being at its height approximately 35 minutes 
after the start of the cycle. 

A more detailed examination of the data in Figure 3 for pre-roosting 
shows one variation that can exist in the pattern of pre-roosting. 
This may frequently consist of two different and separate stages: 
earlier arrivals gather in numerous areas more distant from the roost, 
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only to regroup again at a single pre-roosting area conveniently 
located near the roost. This was well illustrated at the autumn 
roost in Bellefonte, Pennsylvania, where approximately 30,000 Star- 
lings roosted in deciduous trees located on a hillside. Across the 
street and not more than 100 feet from this roost were located a 
number of large willow trees (Salix spp.) where the final stage of 
pre-roosting occurred (shown in curve ‘‘b”) before the Starlings 
descended into the roost (shown in “‘ The pre-roosting areas 
used by the early arrivals varied from approximately 100 yards to 
several miles from the main roost. This earlier stage of pre-roosting 
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which were relatively close 

Where pre-roosting areas are well isolated from the roost, fair 
approximations of the number of Starlings moving from one area 
to another can be made Very often, however, the pre-roosting 
areas are closely associated with the roost, as for example where 
Starlings gather on the towers of buildings, trees, television anten- 
nas, and on other such structures that are located in or very near 
the roost, but still not used as definitive roosting sites. A quantitative 
separation of the two stages of assembly in such cases is all but im- 
possible To a distant observer watching flocks of Starlings descend- 
ing into such areas, it would appear as though this assembly repre- 
sents final or roosting assembly when, to be consistent with the well 
established patterns of assembly observed at other roosts, it actually 
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represents pre-roosting. A definite shift in the Starling population 
from one area to another begins shortly before the arrival of the last 
few birds from their feeding grounds. The pattern and intensity 
of this shift is similar to that described earlier for final assembly 
at the winter and autumn roosts. 

Assembly and light intensity —Starlings may be expected to assemble 
at or near roosting sites at more or less definite times before or after 
sunset. Some earlier workers (Brown, 1946) therefore, discussed 
the various stages of assembly in relation to sunset. Much variation 
was found in the times of assembly when referred to time before or 
after sunset. Nice (1935) found that the time of roosting was closely 
correlated with light. I also found that the time for various stages 
of assembly could be predicted more accurately by reference to light 
intensities. 

Starlings may assemble at a roost a half-hour before sunset one 
evening and assemble as much as one hour before sunset the following 
evening, but at similar light values. This effect of light intensity 
upon the time of assembly is well illustrated in Table 1, showing sample 
data obtained on 31 January and 1 February, 1953. These data 
show that assembly began 25 minutes earlier on 1 February than on 
the previous day. However, the light readings for the two days 
differed by only 4 foot-candles. Assembly was also completed 33 
minutes earlier on 1 February, but at a light value differing by only 
3 foot-candles, from 286 to 290 and 70 to 67 foot candles, respectively. 
For reasons such as these the pre-roosting and roosting assembly was 
described in terms of light intensities. 

During this study I observed pre-roosting and roosting assembly 
at various seasonal roosts, in Centre County, Pennsylvania, and in 
Philadelphia, Pennsylvania. The light values were recorded directly 
in foot-candles, using a mask (10) equipped G.E. exposure meter 
(Type DW-68) directed toward the zenith, as the flocks of Starlings 
entered these assembly areas. Estimates were made of the sizes 
of the incoming flocks. These latter data are grouped and presented 
as the average percentages of total roosting population present at 
any particular light value. 

The assembly of Starlings in a winter barn roost was watched on 
16 evenings, when the weather was classed as fair, from December 
8, 1952, to March 1, 1953. Assembly began at from 350 to 290 
foot-candles and was completed at from 80 to 65 foot-candles (Figure 
4a). The greatest percentage of the roosting population entered 
between 225 and 105 foot-candles, with assembly being at its height 
at approximately 175 foot-candles. Of seven evening observations 

















July] 
A JUMBER, J ting of the Starling 419 
© / a fora 
WwW jf ‘ 
= | ‘ } 
DB 96 DEC. 8, 1952 - MAR 953 | 
re ’ | 
a : 
uJ MAR. 5 3 1953 
w 80 | 
a j ‘ 
} ' 
a / | 
°o 70 ‘ 
~ ! 
‘ 
© ‘ 
Zz 60} ‘ 
me ' 
” ‘ 
oO \ ‘ 
oO 50} / 
x : 
J P 
a 40 f 
- c 
Oo | By 
ge | ‘ 
t | ‘ 
4 
n 
400 350 300 250 200 i5O 100 50 12) 
LIGHT INTENSITY IN FOOT - CANDLES 
FIGURE y of Starlings at the winter barn-roost with a and 5 repre- 
senting the averas f 16 a1 bservations respectively 


made on pre-1 ting at this winter roost, during the same period 


of time, the first few Starlings began arriving between the light 











intensities 640 and 450 foot-candles, with most arriving at the pre- 
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The data obtained for assembly at this winter roost from December 
8, 1952, to March 1, 1953, when the Starling roosting population 
remained rather constant at approximately 175 to 200 birds, were 

btained from 5 to 30 March, 


somewhat different from those data ol 
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Ficure 5. The average of 3 observations for assembly of Starlings at the winter 
building-roost at Philadelphia, Pennsylvania (a). The average of 4 observations 
for assembly of Starlings at the autumn tree-roost at Bellefonte, Pennsylvania (b). 


1953, when an influx of spring migrants caused an increase in the 
roosting population (Figure 4b). In five observations made at this 
time, assembly occurred at much lower light intensities, starting 
and ending at approximately 275 and 15 foot-candles, respectively. 
Assembly was at its height at much lower intensities, being most 
intense between 130 and 60 foot-candles. Thus, increase in the 
roosting population, as a result of the spring migrants, appears to 
cause assembly to occur at much lower light intensities. 

Observations made at a large winter roost located on City Hall, 
Philadelphia, Pennsylvania, on three evenings during the last week 
of January, 1954, also showed this characteristic of larger roosting 
populations. The first Starlings arrived at 400, 380, and 350 foot- 
candles for the three observations and perched on the many towers 
on top of the building (Figure 5a). The Starlings arrived at this 
roost gradually at first with approximately 30 per cent of the total 
Starling population being present by 40 foot-candles. Many of 
these that arrived later perched on both the pre-roosting areas and 
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on the dges used as roosting The Starlings gathered on 
these and more distant pre-roosting areas did not begin to assemble 
on the ledges until ap imately 80 foot-candles, thus marking the 
o g of final was most intense at 20-0 
foot-candles, whe per cent of the total Starling population 
assembled. Assembly continued for at least 2 to 5 minutes after the 
meter first recorded the light intensity as zero but only 2 per cent of 
the Starlings wer 
It was difficul separate quantitatively pre-roosting from that 
of roosting assen r at this roost, and I consider the data represented 
by that portion of the curve between 80 and 40 foot-candles as a 
combination of both pre-roosting and roosting assembly. If separa- 
tion were possible, a curve would probably have been obtained similar 
to that shown in Figure for the final assembly of Starlings at the 
autumn roost at Bellefonte, Pennsylvania. There appears to be 
very little differe: in the pattern and intensity of assembly in 


; 


relation to light at the autumn roost and at the larger winter roost. 
At both, embly began at approximately the same light values and 
was most in n 20 and 0 foot-candles. 

At some roosts, tl tages of oosting and roosting assembly 
are someti! i] impossible to separate. At places, such as 
the winter barn 5 nd the autumn roost at Bellefonte, the dif- 
ferent sta sembly wer« ily identified and recorded by 
making approxima ounts « Starlings going from one area 
to another. Where the pre-roosting areas were within or very near 
the roost proper, separate coun difficult to make. This ap- 
peared to be true a e sumn osts at State College, but, with 
careful obset ion, it I V it that a definite shift took place 
from pre-roosting to assembly points within the general roosting 
area. This movement of Starlings began shortly before the last few 
Starlings arrived from their feeding grounds. Observations on the 
roosting activity of Starlings at this summer roost, numbering ap- 
proximately 20,000 birds, were made on eight evenings from August 
1 to September 27, 1953. The data shown in Figure 6 represent 
the averages, for the eig ybservations, in per cent of the total roost- 
ing populatio1 iving certain light intensities. To a casual 
observer it would appear that assembly occurs at much higher light 
values, like those normally expected for pre-roosting. However, 
the shift in the Starling population from pre-roosts in tree-tops to 
definitive roosts began at approximately 90 foot-candles and was 
normally completed from 10 to O foot-candles. This shift of 
Starlings from one area to another was most rapid at 25 to 15 foot- 
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candles. To be consistent with data presented for other seasonal 
roosts, this initial gathering of Starlings should be considered as 
pre-roosting, and the movement of Starlings occurring a little later 
as final assembly. 

Assembly and weather.—Adverse weather conditions, such as winds 
of high velocity, low temperatures, rain, and snow may cause assembly 
to occur earlier and at higher light intensities than would normally 
be expected. The effect of weather upon the roosting of Starlings 
is well illustrated in Table 2, showing representative data obtained 
during six evening observations made at the winter barn roost, 14 
to 19, February, 1953. The weather during the evenings of the 14 


TABLE 2 


Samp.Le Data SHOWING THE Errsct oF INCLEMENT WEATHER UPON ASSEMBLY 








Minutes before sunset Light in foot-candles 
Date Start End Start End Weather 





February 14, 1953 44 5 370 66 Fair 
February 15, 1953 57 23 550 210 Cold, windy, 


snow 


February 16, 1953 : 595 110 Cold, windy, 


snow 
February 17, 1953 590 : Cold, windy, 

snow 
February 18, 1953 Cold, snow 
February 19, 1953 d ‘ Fair 
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and 19, February, was classed by the writer as fair and the data 
should be compared with the data for 15 to 18, February, on which 
days there were low temperatures, snow, and winds of high velocity. 
February 18 was very cold, with snow covering the ground, but with 
winds of only moderate velocity 

During the two days when weather was classed as fair, assembly 
began at 44 and 39 minutes before sunset, respectively, at 370 and 
300 foot-candles, and assembly was completed at 5 and 2 minutes 
before sunset, at 66 and 110 foot-candles, respectively. During 





100 
90 a, JANUARY 30, 1953 


80 NO.OF STARLINGS —200 
70 TEMPERATURE — 20°F 
60t 5 VERY WINDY 
501 @ CLEAR 
40+ ~ 
30} 
20 > 
10 “ 
0 . i 
Te} 4 
@ 
20K, ° 
30; “ 
40; b. JANUARY 31, 1953 
50 NO.OF STARLINGS—I86 = 
Soy TEMPERATURE — 39 °F. °o @ 
go, «BREEZY = 
90} CLEAR 
100! PPS’ Seer were Sewers eee eee ee 
0 5 10 15 20 25 30 35 40 
TIME — MINUTES 


FIGURE 7 Assembly of Starlings into a winter barn-roost on a cold, windy day 
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those days having adverse weather conditions, assembly began as 
much as 57 to 87 minutes before sunset and at light values ranging 
from 550 to 595 foot-candles. The completion of assembly for these 
days varied from 11 to 23 minutes before sunset and at light values, 
excluding 18 February, from 110 to 330 foot-candles. On February 
18, assembly was completed at 72 foot-candles. Winds were moderate 
on this day. Thus, low temperatures coupled with strong winds 
are more effective in causing roosting to occur earlier and at higher 
light intensities than low temperatures alone. 

The data shown in Figure 7, representing two evening observations 
made at the same winter roost, illustrate further the effect of low 
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temperatures and winds upon assembly. Little effect is evident 
on examining the light intensities for the beginning and the end of 
assembly. Assembly was initiated in both cases at approximately 
290 foot-candles but was completed at different light values: 70 and 
110 foot-candles, respectively. However, most of the Starlings 
assembled very early and between approximate light values of 280 
and 210 foot-candles on January 30, a cold and windy day. On 
January 31, a cool, breezy day, most of the Starlings assembled 
at from 110 to 85 foot-candles. Assembly also occurred over a much 
shorter period of time during the day having low temperatures and 
strong winds. 
Roost PERMANENCE 


As noted earlier, roosts are usually seasonal and are used only 
during certain times of the year. This was well illustrated at State 
College, where the summer roosts and the single autumn roost were 
established in distinctly different areas and used only during the 
corresponding season of the year. According to residents in the 
vicinity of the autumn roost, this area had been used for the past 15 
years from late September through most of October and at no other 
time. As a result of work done in controlling the roosting activity 
of Starlings during the autumn of 1953 (Frings and Jumber, 1954) 
however, this autumn roost was not established that year. 

Much evidence has been obtained by me and by other writers 
that supports the belief that the same Starlings assemble at the same 
roosting area, and each bird possibly at the same roosting site, each 
night. Kalmbach (1932), while banding Starlings in the tower of a 
church in Washington, D. C., found that each successive night dis- 
closed a certain number of “‘repeats’’ from earlier bandings. As 
his operations caused a decrease in the total population of the tower, 
he found it necessary to go to higher and higher levels to obtain the 
birds, until the last several hundred were caught at the very top of the 
tower. Among the birds at the very top of the tower, not a single 
repeat was caught, although among the birds farther down in the 
tower about a fifth of the birds were repeats. Many of the “‘repeats’”’ 
were found near the spot at which they were originally banded, 
indicating that each bird returned to the same spot in the tower that 
it had occupied at the time it was banded. 

He uncovered further evidence of the attachment of Starlings 
to one site at the old Land Office Building, in Washington, D. C., 
where Starlings roosted on ledges above the upper story windows 
across the entire south side. He eliminated one of these roosting 
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sites by placing on the ledge a triangular strip of wood which formed 
an inclined surface. This piece of wood remained for three days and 
was then dislodged by the wind. The following night the ledge 
remained free of Starlings, although every window of the upper 
story had roosting Starlings. During subsequent evenings, this 
ledge was gradually repopulated 

I uncovered similar evidence during this study. While assisting 
in control experiments at State College, Pennsylvania, several blocks 
in the center of a large summer roost were cleared of roosting Starlings. 
These remained completely cleared for about one week, although 
the roosting pressure was great all around. About one week later, 
a few Starlings began to reoccupy the central portion of this treated 
area At that time, the whole summer roost was cleared for the 
duration of the season 

Indirect evidence obtained by Kalmbach seems to suggest further 
that the same Starlings return to the same roost each year, as if having 
a homing instinct lasting from one season to another. These con- 
clusions were based on the fact that the towers, which were cleared 
of roosting Starlings through banding operations, remained free of 
Starlings for a number of years \ somewhat similar incident occurred 
during this study, when Starlings were frightened out of the cupolas 
of a barn while I was capturing them for laboratory purposes. Asa 
result, the following winter the barn was not used as a roost, although 
it had been used for a number of previous winters. ‘Thus, indirect 
evidence points to the fact that the same birds use the same roosting 
area and possibly the same site every night. As Kalmbach suggested, 


further observations made on individually marked birds should 
settle the matte lefinitely 
IM \} x 
The Starlings 1 gregarious species and gathers at night into large 
flocks to roost At State College, Starlings maintain summer roosts 


and a single autumn roost in deciduous trees; winter roosting takes 
place primarily in barns; and during the early spring, from late March 
through most of May, roosting occurs in evergreen trees. From 
late May to mid-June, during the breeding season, Starlings roost in 
shrubby vegetation growing in a marshy area. 

Three main flight-lines lead to the summer roosts of State College. 
The flocks of Starlings arriving from more distant feeding grounds 
are much larger and fly at higher altitudes than those coming from 


nearby feeding grounds. Starlings gather first into definite areas 
called pre-roosting areas. The gathering of Starlings at these areas 
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is called pre-roosting in contrast with final assembly occurring at the 
roost. 

At an autumn roost in Bellefonte, Pennsylvania, early incoming 
flocks assembled in numerous pre-roosting areas located at some 
distance from the roost and reassembled later with other flocks at 
a single and closer pre-roosting area. At the summer roosts in State 
College, pre-roosting areas were very near, or directly in, the roost 
proper so that a quantitative separation of pre-roosting and roosting 
assembly was impossible. 

The time at which Starlings arrive at roosting areas in relation to 
sunset, varies with the length of day, weather, and numerous other 
factors. Time of arrival of Starlings at a roost is correlated with 
light intensity. Final assembly starts at approximately 80 foot- 
candles and is most intense between 20 and 0 foot-candles, when 
over 50 per cent of the total Starling population assembles. Adverse 
weather conditions, particularly high winds and low temperatures, 
may cause assembly to occur earlier and at higher light intensities 
than normal. 

Indirect evidence suggests that the same Starlings use the same 
roosting area, and possibly the same roosting site, each night. The 


same Starlings and possibly their young may also use the same roost 
year after year. 
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ON THE ANATOMY OF THE RED BIRD OF PARADISE, 
WITH COMPARATIVE REMARKS ON THE CORVIDAE 


BY ANDREW J. BERGER 


THOUGH several excellent papers have been written on the ptery- 
lography and relationships of the Birds of Paradise (Paradisaeidae), 
the appendicular myology has not been described. Through the 
kindness of Mr. Keith K. Kreag of the Detroit Zoological Park, I 
have been able to dissect a male Red Bird of Paradise, Paradisaea 


(‘‘ Uranornt bra, which died on December 1, 1954. The classifica- 
tion used here is that of Mayr (1941: 167-183) rather than the un- 
critical treatment of Iredale (1950 

Parker (1875: 339 and Plate 62) discussed and illustrated the palate 
of Paradisaea minor (papuana) and Stonor (1937: 476) illustrated the 
palate of Manucodia. Nitzsch (1867: 75-76 and Plate 3) illustrated 
the ventral feather tracts of Paradisaea apoda and commented on those 
of Epimachus. Forbes (1885: 335-344) described the trachea of Seleu- 
cides ignotus fanucodia ater, and Phonygammus keraudrenii gouldit. 
Ogilvie-Grant (1905) discussed the display behavior of the Lesser 
3ird of Paradise (Paradisaea minor) and Pycraft (1905) described 
the pterylography and dermal musculature of the same species. 
Crandall (1937) commented on the molt and display of P. rubra and 
Seleucides ignotus (‘‘melanoleucus’ Stonor (1936: 1177-1185) dis- 
cussed the evolution of the Paradisaeidae and presented a suggested 
“family tree Two years later, Stonor (1938: 417-481) illustrated 
the pterylosis of ten genera, including that of P. rubra. Beecher 


(1953: 287) illustrated the jaw musculature of P. rubra. 
NOTES ON PTERYLOSIS 


In speaking about P. rubra, Crandall (1937: 193) stated that “the 
expected requirement of four months for the molt of the adult male, 
was established. This began on May 21 and was complete by Sep- 
tember 25 The specimen I had for study, and which died on Decem- 
ber 1, 1954, exhibited evidence of molt in the remiges, rectrices, and 
the flank plumes, but not in the rest of the body tracts. 

Stonor (1938: Figs. 23 and 24) illustrated the dorsal and ventral 
feather tracts of P. rubra. All that I can add is that there is an anal 
circlet of feathers 

There are 10 primaries and 10 secondaries. The fifth secondary 
is present (eutaxi: The innermost secondary is the shortest (about 
45 mm.), the outermost, the longest (127 mm.). On the left wing, 
the outer four primaries and the fourth secondary (outermost counted 
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as the first) possess basal sheaths, indicative of a recent molt. On 
the right wing, the outer three primaries and the fourth secondary 
have such sheaths. 

A carpal covert, inserted in the proximal side of the base of the 
first primary, is present and is 21 mm. long in both wings. I found no 
evidence of a carpal remex. Pycraft (1905: 443) stated that both 
the carpal remex and its covert were present in P. minor. 

I found only two obvious alula quills, both of which had recently 
molted. The outermost was unsheathed for a distance of 19 mm. and 
22 mm. on the left and right wing, respectively. The innermost 
was unsheathed for 23 mm. bilaterally. The number of alula quills 
should be checked in non-molting specimens. It is likely that there 
are three quills, the innermost being very small. Miller (1915: 136) 
stated that “‘small Oscines have but three [alula quills], of which the 
third is small.” 

There are 12 rectrices and the innermost pair is raised above the 
level of the others. The sixth rectrix (innermost counted as the first) 
on the left and the fifth on the right have basal sheaths. There are 
10 upper tail coverts. 

All of the flank plumes possess basal sheaths. 

The specimen had been eviscerated and the oil gland removed, 
so that I cannot say whether the oil gland is nude or tufted. Pycraft 
(1905: 444) stated that it is nude in P. minor. 


OSTEOLOGY 


I compared the skeleton of P. rubra with articulated skeletons of 
Corvus brachyrhynchos and Cyanocitta cristata. Table 1 presents 
certain of the information obtained. 

The number of fused vertebrae in the synsacrum and the number 
of free caudal vertebrae varies in all other species I have studied, 


TABLE 1 








Paradisaea Corvus Cyanocitta 
rubra brachyrhynchos cristata 
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Number of cervical vertebrae 1 
Number of cervicodorsal ribs 

Number of dorsal vertebrae 

Number of true ribs 

Number of thoracic ribs 

Number of fused vertebrae in synsacrum 
Number of free caudal vertebrae 
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hence it is pt 1 tl tion w be found in the present 
species if suff jateri were examined 

The atla rforated by the od process in Corvus and 
Cyanocitt TI figuration the atlas is similar in Paradisaea, 
but the odont roc the is does not actually perforate the 
atlas. A roughly U-shaped os opticus is present in all three species, 
as is an os h ul [he latter bone exhibits its best de- 
velopment Phe optict irently has not been 
described p1 ly in the Birds of I 

In P. ru first lorsal 1 rticulating with cervical 
vertebra Nut bout 5 mm. long; the second cervicodorsal 
rib is 22 The latter rib h large uncinate process. 
Neither of the ( ril Se ute processes in Corvus 
or Cyano ther character in which one expects to find 
some ri large series of skeleto In each species, all 
five of the true ril rti te with the sternum. None of the three 
species h { the t rib (which articulates 
dorsally with ru The sternal portion of this rib fuses 
with the ster the h true rib 

The scapul lavicular articulation is similar in the three 
species and from the arrangement ive seen in non-passerine 
birds. The ! f the furculum is expanded to form large anterior 
and poster rocessé nterior cess articulates with the 
head of the c d; near its base, the sterior process articulates 
with the medi urface of the acromion process of the scapula. The 
acromion proc is vet ll and is fairly well hidden between 
the much larger heads o racoid and the furculum. 

Though T bas¢ leasurements of only one specimen 
of each species, these data rev: he much greater development of the 
hallux in P Not onl the hallux the longest of the digits 
in P. rubri it is very robust, nearly equalling the bulk of the 
other three digits; the claw harply decurved. In Corvus and 
Cyanocttta, digit III is c derably longer than the hallux. 

Pycraft (19 146), in speaking of Paradisaea minor, commented: 

The hallux sreat size, much longer than the front toes. The 
middle and outer toes (text-fig. 30, p. 445 are united at their 
bases, so that the foot may well be described as syndactyle.” In 
P. rubra, also, the proximal phalanges of digits III and IV are united 
to produce a syndactylous condition 

Crandall (1937: 195) wrote of Seleucide The great grasping power 
of the feet and the resultant ease with which it moves about its perches, 
in any direction, may well be accounted for by the extraordinary 




















. A 
430 BERGER, Anatomy of Paradisaea [vores 


TABLE 2 


LENGTH OF APPENDICULAR BONES IN MILLIMETERS 











Paradisaea Corvus Cyanocitta 
rubra brachyrhynchos cristata 
Humerus 40.1 67.4 31.6 
Ulna 51.4 83.2 38.4 
Manus* 39.8 85.7 31.3 
Femur 35.1 52.1 29.8 
Tibiotarsus 62.4 92.2 50.2 
Tarsometatarsus 43.7 61.9 35.2 
Hallux 35.0 38.0 21.6 
Digit II 27.7 35.9 20.0 
Digit III 34.7 51.8 28.0 
Digit IV 31.0 37.2 20.7 





*Manus is carpometacarpus plus digit II. 


development of the short muscles of the metatarsus.’’ This is not 
true of P. rubra inasmuch as only two of the nine ‘‘short’’ muscles are 
present in this species and neither is unusually well developed. 

The data given above also reveal that in P. rubra and C. cristata 
the humerus and manus are nearly equal in length, whereas in the 
crow there is an increase in length of the wing elements from proximal 
to distal. 

TABLE 3 


PROPORTION OF INDIVIDUAL WING ELEMENTS TO TOTAL WING-LENGTH 











Humerus Ulna Manus 
Paradisaea rubra 30.5 39.1 30.3 
Cyanocitta cristata 3.2 37.9 30.8 
Garrulus glandarius* 31.9 37.0 31.1 
Pica pica* 31.1 36.9 32.0 
Corvus corone* 29.0 35.3 35.6 
Corvus corax* 28.8 38.3 35.8 
Corvus brachyrhynchos 28.5 35.2 36.2 





*Data taken from Stonor, 1942: 16. 


Winc Muscles 


M. pectoralis—This muscle arises from the posterior and lateral aspects of the 
sternal body, from the ventral half of the carina, from the clavicle and the cora- 
coclavicular membrane adjacent to it. Fleshy fibers, surrounded by a dense ten- 
dinous envelope, insert on the ventral surface of the deltoid crest (crista lateralis 
humeri). Tendinous bands (Pectoralis propatagialis longus et brevis) pass from 
the area of insertion to fuse, respectively, with the bellies of Mm. tensores patagialis 
longus et brevis. In addition, a large bundle of fleshy fibers passes dorsad to insert 
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f the pteryla ventralis (Pycraft, 1905: 444), 
iscle from the basal (dorsal) half of 
lial portions of the body of the sternum, from 
urface of the coracoid, and from the cora- 
racoid. ‘The tendon forms on the lateral 

t on the ut tendon as it passes through the 
the ar f insertion, which is at the junc- 

id crest The tendon is not concealed by 
beyond the termination of the fleshy fibers, 
rior surface of the os humeroscapulare and 
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origin and insertion, this muscle arises 

of the basal 20 mm. of the coracoid. It 
l groovy rface of the internal tuberosity of 


thi 1 of muscle, 9 mm. wide at its 
t cervical and the first dorsal 


fiber 1 curved area (5 mm. long) on 
ertion of M. supracoracoideus. 

from tl pines of the second, third, and 
brat After passing deep to pars anterior, 
h inserts on the posterior aspect of the 

f par terior and immediately anterior 

M. humerotriceps. The tendon of insertion 
latter muscle as it does in the crow (Hudson 
dorsi metapatagialis) seems to be absent. 
imus dorsi dorso-cutaneus is well developed 
hin sheet arises semitendinous from the spines 
last tw rvical and the first two dorsal 
The 1 e inserts by fleshy fibers on about 


head of the furculum adjacent 


le ari by semitendinous fibers from the 
bra and the first four dorsal vertebrae (from 
vertebra No. 4 It inserts on the posterior 


partly fibrous, muscle (8 mm. long and 
the dorsal end of the coracoid. It inserts 
of the 1 of the humerus, just posterior 
The belly does not cover any of the an- 


le i rated throughout from M. vensor 
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tachment of that muscle, and then passes proximad to insert on the lateral epicondyle 
of the humerus, where its attachment is superficial to the tendon of origin of M. 
extensor metacarpi radialis. Unlike the cuckoos, there is no posterior extension 
of the tendon which fuses with the antibrachial fascia, nor does the main tendon 
fuse with the surface of M. extensor metacarpi radialis. The tendon of insertion 
seems to be identical to the condition described for the crow by Hudson and Lanzil- 
lotti (1955: 20; see their M. propatagialis brevis). 

M. tensor patagii longus.—This is a small bundle (25 mm. in length, but only 
about one-fourth the bulk of the preceding muscle), which arises anterior and 
superior to the tensor patagii brevis. The fibrous tendon (elastic proximally, but 
inelastic distally) passes distad in the anterior margin of the propatagium; part of 
this tendon inserts on the extensor process, but most of it fuses with the fascia of the 
manus. 

M. deltoideus major —The structure of this muscle is similar to that found in the 
crow in that the two heads are separate throughout most of their extent. The 
larger, anterior head seems to arise solely from the very large os humeroscapulare 
and from the adjacent ligaments of the joint capsule. The smaller, posterior head 
arises primarily from the superior surface of the furculum but has a small origin 
from the lateral surface of the acromion process of the scapula. The anterior head 
inserts by fleshy fibers on nearly the entire length of the humeral shaft, beginning 
at the level of the deltoid crest (crista lateralis humeralis). Though the posterior 
head sends some fleshy fibers into the anterior head, beginning at about midlength 
of the humerus, essentially, the two bellies retain their independence until they 
reach within 8 mm. of the lateral epicondyle of the humerus, where the insertion is 
made by a short tendon. 

M. deltoideus minor —This is a small fleshy band, which is less than 1 mm. in 
width. It arises from the tip of the acromion process of the scapula near the dorsal 
opening of the triosseal canal. It inserts on the proximal end of the deltoid crest, 
2 mm. distal to the area of insertion of the supracoracoideus. 

M. proscapulohumeralis—This is M. scapulohumeralis anterior of Hudson and 
Lanzillotti (1955: 11). It arises by fleshy fibers for a distance of 6 mm. from the 
lateral surface of the scapula posterior to the glenoid fossa. The belly is 15 mm. 
in length. It inserts by fleshy fibers immediately distal to the pneumatic foramen 
and between the areas of origin of the two heads of the humerotriceps. 

M. subscapularis —The external head of this muscle arises for a distance of 12 mm. 
from the lateral surface of the scapula, caudal to the glenoid fossa. The internal 
head arises from the medial surface of the bone for a distance of about 18 mm. The 
two heads are separated by the main tendon of insertion of M. serratus superficialis 
anterior. The two bellies fuse to insert in common on the proximal end of the 
internal humeral tuberosity (tuberculum mediale humeri). 

M. dorsalis scapulae—This is M. scapulohumeralis posterior of Hudson and 
Lanzillotti (1955: 13). This is a large muscle which arises from a little more than 
the posterior half (27 mm.) of the blade of the scapula. It inserts on the anconal 
surface, proximal end, of the bicipital crest distal to the origin of the humeral tendon 
of M. biceps brachii and opposite the pneumatic foramen. 

M. sternocoracoideus.—This muscle is like that in the Corvidae in origin, insertion, 
and relationships. 

M. subcoracoideus.—This muscle arises by two heads, which fuse a few millimeters 
before their insertion on the internal tuberosity of the humerus, adjacent to the 
insertion of M. subscapularis. The dorsal, shorter head arises from an area 3 mm. 
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surrounded by a dense tendinous envelope, from the ectepicondylar process (lateral 
epicondyle) of the humerus. The belly (35 mm. in length) terminates in a stout, 
flattened tendon, which inserts on the extensor process of metacarpal I. Just 
proximal to the area of insertion, fleshy fibers of M. abductor pollicis take origin 
from the tendon. In P. rubra, this is the largest muscle of the forearm. 

M. extensor digitorum communis.—The common extensor arises by a tendon from 
the lateral supracondylar ridge of the humerus. The belly is about 33 mm. in length 
The tendon of insertion bifurcates opposite the base of the pollex. The shorter 
tendon inserts on the base of the pollex. The longer tendon passes distad in a deep 
groove on the anterior edge of metacarpal II; near the distal end of that bone, the 
tendon runs to the dorsal surface of the metacarpal and then makes nearly a ninety 
degree turn to insert on the base of the proximal phalanx of digit II. The tendon of 
M. extensor indicis longus crosses over the tendon at its insertion. 

M. supinator brevis —This is a weakly developed muscle (belly 16 mm. long), 
which extends about one-third the length of the radius. It arises from the distal 
end of the humerus and inserts on the radius. 

M. flexor metacarpi radialis—This is M. extensor carpi ulnaris of Hudson and 
Lanzillotti (1955: 32). It arises by a tendon whose major attachment is to the 
lateral supracondylar ridge of the humerus. From this tendon, a strong fibrous 
band (1 mm. wide) passes posteriorly to attach to the ulna, 7 mm. from the proximal 
end of the olecranon process. Fleshy fibers begin about 6 mm. from the humeral 
origin of the tendon; the belly is 35 mm. in length. It inserts by a strong tendon 
on the base of metacarpal III, and not at the proximal end of the intermetacarpal 
space as in some birds. 

M. pronator brevis—This is M. pronator sublimus of Hudson and Lanzillotti 
(1955: 25). The origin of this muscle from the distal end of the humerus is typical. 
Fleshy fibers begin about 6 mm. distal to the humerus and extend (30 mm.) to 
within 15 mm. of the distal end of the radius. A tubercle marks the distal extent 
of insertion. 

M. pronator longus.—This is M. pronator profundus of Hudson and Lanzillotti 
(1955: 25). The origin from the humerus is typical. The total length of the belly, 
which is especially heavy proximally, is 24mm. It inserts mostly by an aponeurosis, 
which extends distad as far as the insertion of the pronator brevis, though the belly 
is only about two-thirds as long as that muscle. 

M. extensor pollicis longus.—This is a small, almost rudimentary, muscle (belly 13 
mm. long), which is limited to the distal third of the forearm. It arises only from 
the radius. It inserts only on the posteroproximal corner of the radiale; no trace of 
a tendon extending to the base of the carpometacarpus could be found. 

M. anconeus.—The origin from the humerus is as in the corvids. The belly (28 
mm. long) extends almost two-thirds the way down the ulna. The area of insertion 
begins just distal to the proximal articular surface of the ulna. 

M. extensor indicis longus.—This is a long, thin muscle with a belly 38 mm. long. 
It arises from the radius only, beginning at the proximal end of that bone, proximal 
to the insertion of the biceps. It inserts on the base of the distal phalanx, digit II. 

M. flexor metacarpi brevis —Hudson and Lanzillotti (1955: 35) prefer to call this 
a “‘short distal head”’ of the extensor indicis longus. It is absent in P. rubra. 

M. flexor digitorum sublimus.—This is a poorly developed, spindle-shaped muscle 
with a belly 25 mm. in length. It arises by a tendon from the entepicondylar proc- 
ess (medial epicondyle) of the humerus posterior to the origin of M. pronator longus. 
In its distal half, the belly is ensheathed by the strong fascia covering the flexor 
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"i Part of this fascial ith passes around the ulnare to 
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M. iliotrochantericus anticus.—This muscle arises semitendinous from the anterior 
11 mm. of the ventrolateral edge of the ilium. This area of origin lies ventral to the 
origin of the iliotrochantericus posticus, anterior to that of the iliotrochantericus 
medius, and dorsal to that of the deep head of the sartorius. Nearly all of the muscle 
is visible before one reflects the iliotrochantericus posticus. The iliotrochantericus 
anticus inserts over a relatively wide area (3 mm. long) beginning at the lowermost 
part of the tendon of insertion of the ischiofemoralis muscle. The tendon passes 
between the external and medial heads of M. femorotibialis. 

M. iliotrochantericus medius.—This is a thin strap of muscle, 7 mm. long; it is 3 mm. 
wide, at its origin from the ventral edge of the ilium, beginning about 1 mm. caudal 
to the area of origin of the iliotrochantericus anticus. It inserts by a thin tendon 
(1 mim. wide) on the posterolateral edge of the femur, beginning 2 mm. distal to the 
proximal end of that bone. The origin, belly, and insertion are concealed by the 
iliotrochantericus posticus. The area of insertion is anterior to that of the latter 
muscle and is proximal to that of the iliotrocbantericus anticus. 

M. iliacus.—This small muscle arises from the ventral edge of the ilium, inferior 
to the origin of the iliotrochantericus medius. It inserts about 2 mm. distal to the 
neck of the femur at the upper extent of femorotibialis internus. 

M. sartorius. —This is a large thin muscle with an extensive origin and, in fact, may 
be considered to have two heads of origin. The anterior, more superficial, portion 
arises by an aponeurosis from the neural spines of the last two dorsal vertebrae and 
from a small area on the anterior edge of the ilium. The posterior, deeper, head is 
visible only after one reflects the following muscles: iliotrochantericus anticus, fem- 
orotibialis externus, and femorotibialis medius. This head arises by an aponeurosis 
from an area 15 mm. long on the ventral edge of the ilium, beginning at the anterior- 
most end of that bone and extending caudad to the area of origin of M. iliotro- 
chantericus medius. The origin lies ventral to that of M. iliotrochantericus anticus. 

The superficial and deep heads fuse along their line of contact a short distance 
inferior to the ilium. The anterior part of the muscle inserts by an aponeurosis 
primarily on the anteromedial edge of the tibial head. The posterior part of the 
belly inserts by fleshy fibers on the distal end of the belly and on the tendon of in- 
sertion of M. femorotibialis internus. 

M. iliotibialis.—This is a thin sheet of muscle, no heavier posteriorly than an- 
teriorly. It arises by an aponeurosis from the median dorsal ridge and the posterior 
iliac crest. There is a paddle-shaped aponeurotic area in the center of the distal 
two-thirds of the belly. Distally, it contributes to the formation of the patellar 
tendon and also inserts on the head of the tibia. The belly covers most of the lateral 
aspect of the thigh. The following muscles are visible before one reflects M. ilio- 
tibialis: the superficial part of the sartorius, most of the semitendinosus, a small part 
of semimembranosus, and the tendon of biceps femoris. 

M. femorotibialis externus.—This muscle arises from most of the lateral surface of 
the femur, beginning 5 mm. distal to the proximal end of the bone, and between the 
areas of insertion of Mm. iliotrochantericus anticus and ischiofemoralis and distal to 
the insertion of Mm. iliotrochantericus posticus and medius. The anteromedial 
portion of the belly is fused with M. femorotibialis medius. The tendon of the 
externus contributes to the formation of the patellar tendon. 

M. femorotibialis medius.—This muscle arises by fleshy fibers, surrounded by a 
dense aponeurosis, from the posteromedial surface of the femur, beginning at the 
level of insertion of M. iliotrochantericus medius. Fleshy fibers insert on the proxi- 
mal face of the patella, and the tendon contributes to the formation of the patellar 
tendon. 
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of the femur, posterior to the insertion of the obturator internus, and beginning 
immediately distal to the proximal end of the trochanter. 

M. obturator internus.—Triangular in shape, this muscle arises from the medial 
surfaces of the ischium and pubis, but apparently not from the ischiopubic membrane. 
None of its fibers arise from the posterolateral wall of the renal depression inside 
the pelvis. After emerging through the obturator foramen, the strong tendon (1.5 
mm. wide) inserts on the lateral surface of the femur, beginning 1 mm. distal to 
the proximal end of the trochanter. 

M. adductor longus et brevis —Though there are two distinct parts to this muscle, 
care must be taken to make the proper separation between them in their proximal 
half. 

Pars anticus is about three times as bulky as pars posticus. Pars anticus arises 
by a dense aponeurosis from the ventrolateral edge of the ischium for a distance of 
10 mm., beginning at the posterior margin of the obturator foramen. The belly 
inserts by fleshy fibers on the posterolateral surface of the femur, beginning about 
13 mm. distal to the proximal end of the trochanter (which is just inferior to the 
insertion of M. piriformis) and extending to the distal end of the femur. Distally, 
the line of insertion curves from the lateral surface of the femur to the upper end of 
the medial condyle, adjacent to the insertion of pars posticus. The long flexors 
of the digits arise just distal to this curved line of insertion of pars anticus. 

Pars posticus also arises by a dense aponeurosis (about 5 mm. wide) deep to the 
posteriormost part of the tendon of pars anticus, and it extends about 1 mm. caudal 
to the origin of that muscle. Most of the belly of pars posticus lies posterior to the 
belly of pars anticus. Fleshy fibers extend to the distal end of the femur. The 
muscle inserts by a round cord of semitendinous fibers on the posterior face of the 
medial condyle. This insertion is shared intimately with the fibers of origin of M. 
gastrocnemius pars media. 

M. tibialis anticus—This muscle arises by two heads. The tibial head arises by 
fleshy fibers and by strong semitendinous bands (on its superficial surface) from the 
inner cnemial crest, the rotular crest, and the outer cnemial crest. The semitendin- 
ous bands are shared with the more superficial M. peroneus longus. The femoral 
head arises by a flat tendon from the anterodistal end of the lateral femoral condyle. 
The two heads fuse about 10 mm. inferior to the rotular crest. The belly extends 
to the level of the ligamentum transversum at the distal end of the tibiotarsus, 
where a stout tendon is formed and passes under this ligament superficial to the 
tendon of M. extensor digitorum longus. The tendon inserts on a tubercle 8 mm. 
inferior to the proximal end of the tarsometatarsus. 

M. extensor digitorum longus.—This is the deepest muscle on the anterior surface 
of the tibiotarsus. It arises by fleshy fibers from the proximal fourth of that bone, 
especially from the inner cnemial crest, though the belly is 53 mm. long. Near the 
distal end of the tibiotarsus, the tendon passes under the ligamentum transversum, 
deep to the tendon of M. tibialis anticus, and then under a bony bridge. On the 
proximal end of the tarsometatarsus, the tendon passes under another bony bridge 
to a position medial to the tendon of insertion of M. tibialis anticus. The tendon 
trifurcates at the distal end of the tarsometatarsus to supply digits II, III, and IV, 
as in the crow (Hudson, 1937: 31). 

M. peroneus longus.—This large muscle is similar in origin and in relative develop- 
ment to that found in the crow (see Hudson, 1937: 33 and Fig. 1). Two tendons 
are formed. The short tendon inserts on the tibial cartilage. The long tendon 
inserts on the tendon of M. flexor perforatus digiti III, 9 mm. distal to the proximal 
end of the tarsometatarsus. 
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III, but there is a small attachment to the lateral surface near the base of that 
phalanx. There is no vinculum. 

M. flexor perforatus digiti IV—This muscle shares a common origin with Mm. 
flexor hallucis longus and flexor perforatus digiti III. The belly extends to within 
12 mm. of the distal end of the tibiotarsus, where the tendon grooves the superficial 
surface of the much wider tendon of M. flexor perforatus digiti III. The two ten- 
dons are enclosed in a common connective tissue sheath and retain this relationship 
through the hypotarsus and the upper part of the tarsometatarsus. The tendon 
inserts on the distal end of the proximal phalanx and on the fibrocartilaginous pad 
between phalanges 2 and 3. The tendon is perforated by the tendon of M. flexor 
digitorum longus. 

M. flexor perforans et perforatus digiti II.—The belly of this muscle (22 mm. long) 
extends about a third the distance down the tibiotarsus. It arises from the lateral 
epicondyle of the femur and from associated fibrous bands located deep to the belly. 
It gives rise to a very thin tendon which forms, opposite the proximal phalanx 
of digit II, a complete fibrous sheath around the tendon of M. flexor digitorum longus. 
It inserts solely on the medial side of the proximal end of the second phalanx of digit 
II. It does not perforate the tendon of M. flexor perforatus digiti II. The relation- 
ships of the tendon in the hypotarsus were described above. 

M. flexor perforans et perforatus digiti III—This muscle has a complex origin, 
similar to that found in the crow (Hudson, 1937: 45), from the femur, the tibiotarsus, 
and the fibula. The belly is 50 mm. long. The course of the tendon in the hypo- 
tarsus was described above. The tendon inserts near the distal end of the second 
phalanx of digit III. Near the base of the proximal phalanx of digit III, the tendon 
perforates the tendon of M. flexor perforatus digiti III; it is perforated by the tendon 
of M. flexor digitorum longus about the middie of the second phalanx. 

M. flexor digitorum longus.—This muscle has two distinct, mostly fleshy, heads. 
The femoral head arises from the posterior surface of the lateral epicondyle. The 
tibial head arises from the posterior surface of the proximal end of the tibiotarsus. 
The strong tendon passes through the deepest canal on the medial side of the hypo- 
tarsus. The tendon trifurcates and inserts on the bases of the distal phalanges of 
digits II, III, and IV. 

M. flexor haillucis longus.—This large muscle arises by two heads. The super- 
ficial, or anterior, head arises by a strong tendinous band from the lateral epicondyle 
of the femur, distal to the attachment of the inferior arm of the biceps loop. The 
tendinous origin is shared by Mm. flexor perforatus digiti II and flexor perforans 
et perforatus digiti II. This head lies superficial to the biceps tendon. 

The deep head arises by fleshy fibers and by a flat aponeurosis from the inter- 
condylar area of the femur distal to the area of insertion of M. adductor longus et 
brevis pars anticus. The tendon passes through the deeper canal on the lateral 
side of the hypotarsus and then passes from lateral to medial across the tendon of 
M. flexor digitorum longus. The two tendons are not connected by a vinculum. 
As it passes the base of the proximal phalanx of the hallux, the tendon is completely 
ensheathed by the tendon of the flexor hallucis brevis. The tendon inserts on the 
base of the distal phalanx. 

M. extensor hallucis longus.—This is a relatively well developed muscle with a 
belly about 30 mm. long. It arises from the anteromedial surface of the tarsometa- 
tarsus, beginning at the proximal end of that bone. The tendon passes under a 
fibrous loop on metatarsal I and inserts on the base of the ungual phalanx. 

M. flexor hallucis brevis —This muscle arises fieshy from the medial surface of the 
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hypotarsu t proximal end of the tarsometatarsus adjacent to that process. 
The belly is about 15 mm. long. The tend of the flexor hallucis longus and 
flexor hallucis br [ from the posterior to the anterior surface of the tarsometa- 
tarsus through irge interval between the first and second metatarsals. At the 
tarsometatarso] ngeal joint, the small tendon expands into a heavy fibrous 
pad which completely ensheaths the tendon of the M. flexor hallucis longus and 
inserts on the pr il end of the first phalanx 


DIscusslii 


Pycraft (19 152) expressed doubt that the Birds of Paradise are 
closely related to the Corvidae or the Ptilonorhynchidae. Stonor 
(1937, 1938) demonstrated clearly that the Ptilonorhynchidae and the 
Paradisaeidae deserve family rank. He stated (1938: 417) that the 
limits of the latter family ‘‘are well defined, although their precise 
relationships are uncertain, and it is difficult to go further than stress 
their similarity to the Corvidae, for their structural features render 
it almost certain that the Paradiseidae originated from the same stock 
which appears to have given rise to the Crows, Starlings, and a few 
more isolated forms such as the Huia, Picathartes, and others, and 
of which they constitute a distinct branch.”’ 

In accordance with the modern views of many taxonomists ‘“‘in- 
volving reduction of some of the present families to subfamilies and 
their subsequent combination into larger families,” Amadon (1944: 
1-3 and 17) considered the Birds of Paradise to be a subfamily (Para- 
disaeinae) of ‘‘an enlarged family Corvidas In speaking of another 
matter, he commented that the Corvinae and the Paradisaeinae were 
“structurally similar subfamilies 

Much more information is needed on pterylography and other 
anatomical features before the extent of the above-mentioned similarity 
can be demonstrated. For example, Nitzsch (1867: 75) stated that 
all members of the Corvidae that he had examined ‘‘have the saddle 
of the spinal tract broad and laterally acute-angled, enclosing an 
elongated, fissure-like spac: Stonor (1942: 4) commented that the 
‘majority of the Corvidae’’ have such an apterion in the dorsal saddle. 
Lowe (1938: 261) elaborated on this situation by stating: ‘In the 
Corvidae the saddle-shaped expansion of the middle of the dorsal 
feather-tract tends to be more or less definitely and abruptly forked, 
with a narrow apterion or central featherless area; or, if not definitely 
forked, there is a long central apterion.’ 

That there is some variation in the feather pattern in a group as 
large as the family Corvidae is not surprising. The striking difference 
in pattern, as illustrated by Lowe (1938: Pl. VI), between Corvus 


frugilegus and C. corone, however, is surprising and perplexing. Fur- 
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thermore, neither of these patterns is like that found in the Para- 
disaeidae. By way of contrast, it can be said that there is a close 
similarity in the general feather pattern of the members of the Para- 
disaeidae. Stonor (1937: 484) remarked that of the species of this 
family that he had examined, “‘all agree in possessing a short saddle, 
situated rather more than half-way down the dorsal tract; and, fur- 
thermore, this saddle in no case shows any trace of an apterion.” 
The differences in pterylosis which he did find were, as one would ex- 
pect, associated primarily with the development of ornamental plumes. 

A few remarks on the structure of the humerus also are pertinent. 
In a very interesting paper, Ashley (1941) analyzed the humerus of 
American corvids. He found that some passerine families possess 
two fossae at the proximal end of the humerus; this condition he 
considered ‘‘advanced.’’ The Corvidae and certain other families 
fall into a “primitive group,”’ in which only one pneumatic fossa 
is present. P. rubra agrees with Corvus brachyrhynchos and Cyano- 
citta cristata in having a single pneumatic fossa. The humeri of 
P. rubra and C. cristata exhibit more similarity to each other than 
either does to the humerus of C. brachyrhynchos. Insofar as the 
Corvidae are concerned, Ashley (1941: 194) considered the humerus 
of the American Crow to represent a generalized condition, that of 
the Blue Jay to be more specialized. Mayr and Amadon (1951: 31), 
however, stated: ‘“The jays are the most primitive of the Corvidae. 
From them evolved first the magpies and finally Corvus, a genus that 
contains what are in many ways the most adaptable and highly evolved 
of all birds.’”’ Nevertheless, the pneumatic foramen in P. rubra 
is larger than that in brachyrhynchos, even though the humerus in 
rubra is less than two-thirds the length (and has a much smaller bulk) 
of that bone in the crow. Furthermore, the pneumatic canal is 
much deeper and more extensive in rubra and the external head of 
the humerotriceps muscle takes origin deep inside this canal. The 
configuration of the humerus (and reference to the recent paper by 
Hudson and Lanzillotti, 1955) leads me to believe that none of the 
humerotriceps arises inside this canal in Corvus brachyrhynchos. 

As one might well expect, there is a great similarity between the 
appendicular musculature of P. rubra and the crow. The following 
wing muscles are absent in both: latissimus dorsi metapatagialis, 
biceps propatagialis, entepicondylo-ulnaris, extensor pollicis brevis, 
flexor metacarpi brevis, and flexor pollicis (the latter was ‘clearly 
observed” in only one wing of the crow by Hudson and Lanzillotti, 
1955: 39). 

There are, however, several differences in development of the 











1956 


musculature 
it is rudiment 
send tel 
the crow; | 
insertion of 
origin of the 
to that mu 
of the latis 
dorsal end 
In P 
the lengtl 
apparentl 
longus show 
small muscle 
only on the 1 
and the belly 


and Lanzillot 


inserts 
on th proxin 
The leg 
following 1 
ambiens, 


propriu digits 


ductor digit 
of Mn fl x 
connected by 


of Mm. flexor 
digiti III H 
be rudiment 
the crow 
specimen 


specifically wl 


I did not find thi 


The muscl 
they differ in 
the anterior 
the last dorsal 
origin. The 
and from the 
a long line o1 


mostly on the 


internus 


443 


bductor indicis is fairly well developed in the crow; 
in P. rubra Pars propatagialis musculi cucullaris 
ert on the tendon of M. tensor patagii longus in 


t find sucl tendon in P. rubra. ‘Yhe tendon of 

tissimus dorsi, pars posticus, does not perforate the 
trice] is it does in the crow, but inserts anterior 

1 proximal to the area of insertion of pars anticus 

dorsi M ubcoracoideus has no origin from the 
oracoid in P. ru it has such an origin in the crow. 
belly of M. pronator longus is only about two-thirds 
belly of M. pronator brevis; these two muscles are, 


t equal in length in the crow. M. extensor pollicis 


similarity in the two species. In P. rubra, this 
nly from the distal third of the radius; it inserts 
In the crow, the muscle arises from the ulna 
ted to the proximal third of the forearm (Hudson 
erts on metacarpal I. M. anconeus 
nal two-thirds of the ulna in P. rubra; it inserts 
If of that bone in the crow. 
rmul f P ra, in the crow,is ACXY. The 
re absent in both birds: gluteus medius et minimus, 
the piriformis, popliteus, extensor 


II, extensor brevis digiti IV, abductor digiti II, ad- 


nd adductor digiti I\ Furthermore, the tendons 
llucis long nd flexor digitorum longus are not 
ulum, nor is there a vinculun uniting the tendons 
oratus digiti III and flexor perforans et perforatus 
193 onsidered M. abductor digiti IV to 

in the Eastern Kingbird (7yrannus tyrannus) and 
unable to find any evidence of this muscle in my 
Hudson (193; and 75-76) did not state 


her or not M. lumbricalis is present in the crow. 


nuscle in the specimen of P. rubra which I dissected. 
be discussed next are present in both species, but 
1e crow, M. sartorius arises from 
n of the median dorsal ridge and the neural spine of 
rtebra. In P. rubra, there are two distinct heads of 


1 1 


erior head arises from the last two dorsal vertebrae 
terior edge of the ilium; the deeper head arises from 


ventral edge of the ilium. ‘The latter head inserts 


belly and tendon of insertion of M. femorotibialis 








. Auk 
444 BERGER, Anatomy of Paradisaea Vol. 73 


The posterior part of M. iliotibialis is a little more extensive in 
P. rubra than it is in Corvus and, consequently, covers nearly all of 
M. biceps (see Hudson, 1937: Fig. 1). 

Presumably as a result of the shape of the pelvis in P. rubra, M. 
semitendinosus arises only from the ilium and has no origin from the 
free caudal vertebrae. In the crow, however, this muscle arises 
both from the ilium and from the ‘“‘transverse processes of several 
proximal caudal vertebrae’’ (Hudson, 1937: 22). I believe, also, 
that there is a difference in the tendon of insertion, though the written 
descriptions are nearly the same. In both birds, there is a strong 
fascial connection with pars media of the gastrocnemius. The 
tendon also ‘“‘makes a strong connection with the tendon of the semi- 
membranosus” in the crow. In P. rubra, a flat aponeurosis is formed 
at the distal end of the semitendinosus; this aponeurosis fuses with, and 
inserts with, the proximal end of the tendon of the semimembranosus. 

M. obturator externus, in the crow, arises by two heads, which 
fuse before inserting by a single tendon. In P. rubra, there are not 
only two heads, but they retain their integrity to their respective 
areas of insertion, which are separated by the tendon of insertion of 
M. obturator internus. 

In P. rubra, the tendon of M. flexor perforatus digiti II is not 


perforated either by the tendon of M. flexor perforans et perforatus 
digiti II or by the tendon of M. flexor digitorum longus. The tendon 
is perforated by both of these tendons in the crow. 


CONCLUSIONS 


One can readily agree with Stonor (1937: 484) who remarked: 
“Pterylosis is one of the most neglected branches of ornithology, and 

. . the comparative pterylosis of any one family of birds has never 
been worked out. It is therefore difficult to know how far it can 
be depended on to show exact inter-relationships.’’ Nevertheless, 
based on what is now known, the patterns of the dorsal feather tracts 
do not seem to indicate close relationship of the Corvidae with the 
Paradisaeidae. 

So little is known about the osteology of passerine birds that it 
is difficult to select characters which reveal closeness of relationship. 
One finds little in the osteological features analyzed in this paper to 
indicate phylogenetic relationship, except in the broadest sense. 
The hypertrophy of the hallux in P. rubra is unusual. The develop- 
ment of the pneumatic canal and the relations to it of the M. humero- 
triceps in P. rubra is certainly different from the condition found in 
the corvids. 
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Because I had only one specimen of P. rubra for dissection, I would 
not want to emphasize th pparent absence of M. latissimus dorsi 
metapatagialis nor the fact that I found no tendon of M. cucullaris 
pars propatagialis extending to M. tensor patagii longus. Certain 
other myological features, however, probably are significant. M. 
abductor indicis is rudimentary in P. rubra; it has a fleshy belly in the 
corvids examined by Hudson and Lanzillotti (1955). M. extensor 
pollicis longus exhibits little si ilarity in the two groups (see page 443). 
M. sartorius | two distinct and separate heads in P. rubra; there 
is a single head in the crow. MM. semitendinosus has no origin from 
the free caudal vertebrae in P. rubra; it has such an origin in the crow. 
The structure of M. obturator externus is dissimilar in these species. 
The tendon of M. flexor perforatus digiti II is not perforated by either 
of the deep flexor tendons in P. rubra; it is perforated by both of these 
tendons in the crow 

When further evidenc ivailable to show that the Birds of Para- 
dise do or d t belong to the corvine assemblage, it seems likely 
that the judgment will be made on a relatively few anatomical features, 
such as have been delineated here, plus, of course, ecological and other 
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THIRTY-FIRST SUPPLEMENT TO THE AMERICAN 
ORNITHOLOGIS1 UNION CHECK-LIST OF 
NORTH AMERICAN BIRDS! 


THE preset! upplement covers ch es in names and status, as 
well as additional form ecepted by the Committee on Classification 
und Nomenclature during the period since our last publication on such 
matters year ag The Committee met in Cambridge, Massa- 
chusetts, in October, | t the time of the Annual Meeting of the 
4.0.1 nd nducted other business by mail. 


1 


Since the 1 uscript for the fifth edition of the Check-List will be 
in the hands of the printer when the present paper appears, it is an- 
ticipated that this will be the final announcement of changes prior to 
publicats 

LL NDER WETMORE, Chairman 
HERBERT FRIEDMANN, Vice-Chairman 

L/I 


FREDERICK C. LINCOLN 


Cor ttes GI -E H. LOWERY, JR 


Egre Forster Egr Forster Cat. Brit. Birds, 1817, p. 59. Type, 


Little Egret. [196.1.] Ardea Garzetta 
Lint Syst. Nat v p. 237. (in Oriente, ex Brisson 
erg River R outh of Ferrara, Italy.) Additional form 
L ge to th Southern Europe and central 
Asi to Chir ] n, south through Africa, Madagascar, India, 
Ceylor Accidental at Flatrock, Conception Bay, Newfoundland, 

May 1954. See Godfrey, Auk, vol. 73, no. 3, July, 1956, p. 457. 
na (Gm« ecomes P1 hihi (Vieillot), from Numenius 
1V ict. Hist. Nat uv. éd., vol. 8, March, 1817, p. 
guay et dans les plaines de Buenos-Ayres.) See Hellmayr and 

Conover, Cat. Birds Amer., pt. 1, no. 2, 1948, p. 266 

Cygnu r is to be list inder Cygnus both as to genus and subgenus, since 
the type of Cygnus Bechstei Subgenus Sthenelides Stejneger 
ur as the A.O.U. Check-List is 

concerned, includes only Cygnus paloregonus Cope, of the fossil list. 
Dend? na viduata is dropped from the Check-List, since there is no certainty 
record, from the Hackensack Meadows, New Jersey, is not 
ry bird. See Griscom, Birds New York City 





genotypt imas melar ribha Molina insof 


IT Thir me was | The Auk, 72, no. 3, July, 1955, pp. 292-295. 
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57. Arctonetta Gray, 1856, becomes Lampronetia Brandt, from Fuligula (Lampro- 
netta) Fischeri J. F. Brandt, Fuligulam (Lampronettam) Fischeri novam 
Avium Rossicarum speciem praemissis observationibus ad Fuligularum 
generis sectionum, 1847, pp. 18, 19, and plate. Type, by monotypy, 
Fuligula (Lampronetia) fischeri Brandt. See Parkes, Auk, 72, no. 1, Jan., 
1955, pp. 85-86. 

105. Charadrius hiaticula semipalmatus is again treated as a distinct species, 
Charadrius semipalmatus. Both birds concerned, Charadrius hiaticula 
hiaticula and C. semipalmatus, nest through an extensive area on Baffin 
Island with no indication of intergradation or hybridization. 

125. Limosa limosa limosa (Linnaeus) becomes Limosa limosa islandica Brehm, 
from Limosa Islandica C. L. Brehm, Handb. Naturg. Végel Deutschl., 1831, 
p. 626. (die . . . Wiesen Islands = Iceland.) See Salomonsen, Grgnlands 
Fugle, pt. 3, 1951, p. 567. 

133. Larus crassirostris Vieillot. Black-tailed Gull. [54.1.] Larus crassirostris 
Vieillot, Nouv. Dict. Hist. Nat., nouv. éd., vol. 21, May, 1818, p. 508. 
(Nagasaki, Japan.) Additional species. Coasts of Japan and of China to 
lat. 22° S. Accidental, San Diego, California, Nov., 1954. See Monroe, 
Auk, 72, no. 2, April, 1955, p. 208. 

178. Apus apus (Linnaeus). Common Swift. Hirundo Apus Linnaeus, Syst. 
Nat., ed. 10, vol. 1, 1758, p. 192. (in Europae altis = Sweden.) 

Apus apus pekinensis (Swinhoe). [424.2.] Cypselus pekinensis Swinhoe, Proc. 
Zool. Soc. London, 1870, p. 435. (Pekin, China.) Additional form (which 
adds a species to the list). Breeds from Cyprus, Iran, Mongolia, and 
southern Manchuria south to Palestine, the Himalayas, and northern 
China; in winter to eastern Africa and India. Female, collected June 28, 
1950, on St. Paul Island, Pribilof Islands, Alaska, by K. W. Kenyon, U. S. 
Nat. Mus. cat. no. 458,824. (Included here by permission of K. W. Kenyon, 
from MS. report.) 

210. Contopus richardsonii (Swainson), the species name for the Western Wood 
Pewee, based on 7 yrannula richardsonii Swainson, 1832, becomes Contopus 
sordidulus Sclater, 1859, from Contopus sordidulus Sclater, Proc. Zool. Soc. 
London, 27, June, 1859, p. 43. (In Mexico meridionali et Guatemala = 
Orizaba, Veracruz.) Swainson’s description does not apply to the species 
to which it has been assigned. See Phillips and Parkes, Condor, 57, no. 4, 
July 29, 1955, pp. 244-246. 

210. The race that has been known as Contopus richardsonii richardsonii will bear 
the name Contopus sordidulus veliet Coues, from Contopus Veliei Coues, 
Proc. Acad. Nat. Sci. Philadelphia, 18, March, 1866, p. 61. (Fort Whipple, 
Arizona.) See Phillips and Parkes, loc. cit. 

210. Contopus richardsonii peninsulae (Brewster), from the above, becomes Contopus 
sordidulus peninsulae (Brewster). 

210. Contopus sordidulus saturatus Bishop. [462).] Contopus richardsonti saturatus 
Bishop, Auk, 17, no. 2, April, 1900, p. 116. (Haines, Alaska.) Additional 
subspecies. Southeastern Alaska and western British Columbia to western 
Oregon; recorded in migration in Sonora. See Aldrich, in Jewett, Taylor, 
Shaw, and Aldrich, Birds Washington State, 1953, p. 433; Phillips and 
Parkes, Condor, 57, no. 4, July 29, 1955, p. 246. 

219. Progne subis cryptoleuca again becomes Progne cryptoleuca, as it is considered 
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t sf ee Zimmer, Amer. Mus. Nov., no. 1723, April 


nia st 1 awatcl ecomes Lusci? vecica svecica (Linnaeus), from 
Motacilla sve Linnaet yst. Nat 1. 10, vol. 1, 1758, p. 187. (in 
Europae alpini weder See I éntiev and Gladkov, Ptitsy Sovet- 
ko iuza, vol. ¢ 54, pr 9 +; Vaurie, Amer. Mus. Nov., no. 1731, 


275 reo hu rolir randt. [632} reo huttoni carolinae H. W. Brandt, 
Auk t A pri ) { ) Boot Canyon, altitude 7000 feet, Chisos 





Mou vst ( ty, Tex Additional subspecies. Chisos 

Mount Tex t uthern Coahu ind southwestern Tamaulipas. 
279. Coereba menst mes Coereba bahame bahamensis through recogni- 
ru , t ’ Wagler otted-breasted Oriole. [503.1.] 
Psar t 4 Wagler, in |! v Oken, Heft 7, 1829, col. 755. 
M ‘\ tic peci Oax to Guatemala and eastern Nica- 
) i ting it itheastern Florida. See Wetmore 
I n Brookf und Griswold, Nat. Geogr. Mag., 109, no. 2, 
349 t ri? reophila Oberholser Spizella passerina boreophila 
( f r, Journ. Washington Acad 15, no. 2, Feb. [March 14], 1955, 
[ Fort Simy Mackenz Additional subspecies. Eastern 
Alask northeastern Manit outh to northern Utah, northern 

f 2: BY THE INTE! TIONAL COMMISSION 
MENCLATURE 

The Commi has decide ) suppr the generic name Colymbus Linnaeus, 
1758, and toa the gener ( 1 Forster, 1788, for the loons and Podiceps 
Lathan /, for the typi gt binion 4 This action should end one of 
the most fi g situatic nclature of birds—the use of the generic, 
family, and ordi nat ( mbus, Colymbi ind Colymbiformes, for the loons 
in the Old Wor d at the time for the grebes in the New World. The 
Taxonot ul mittee of the British Ornit gists’ Union has already recom- 

mended the 1 for t in their iblications (Ibis, 98: 158, 1956). 
Other decisi by the Com: ion which affect the nomenclature of North 
American bird ide the tion of th me Columba migratoria Linnaeus, 
1766, for the I ger Pigeor n 18); validation of the generic names Bubo 
Duméril, 18 i Egretta Forster, 1817, by the supression of older homonyms 
Dire the accept e of the gener ume Gallinago Brisson, 1760, for 


the snipe (Direction 39 
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GENERAL NOTES 


Bower Ornamentation versus Plumage Characters in Bower-birds. 
Bower-birds and birds of paradise are believed to be related though they are often 
placed in different families. The courtship behavior, while elaborate in both groups, 
is very different. All but the most primitive of the birds of paradise display their 
spectacular plumes. ‘The bower-birds, on the other hand, have little in the way of 
morphological ornamentation, though a few species are brightly colored and some 
have acrest. Their courtship behavior is unique, at least among birds, in that it is 
conducted in or near a ‘‘bower’’ constructed by the male bird (except in two primitive 
species). These bowers are often very elaborate stick structures which fall into 
four categories: 1) the maypole type (a column of sticks up to nine feet in height sup- 
ported by a forest sapling and sometimes capped with a hut or tepee-like roof); 
2) the avenue type (an elongated mat of sticks with usually two and sometimes four 
vertical stick walls between which the bird displays); 3) the mat type (a simple 
platform of ferns and sticks); and 4) the stage type (a cleared area of earth). These 
structures are decorated in specific ways by the various species. The ornaments, 
which sometimes number nearly a thousand, take the form of colorful flowers, berries, 
leaves, snails, insects, and the like. 

On several trips to New Guinea, I have given much attention to the study of 
bower-birds. During this work, the detailed results of which will be published 
elsewhere, I noticed that the species with the most elaborate bowers are often those 
with the least elaborate plumage. It occurred to me that there might be a correla- 
tion between the degree of ornamentation of the bower and that of the bird. This 
condition proved most pronounced in the ‘‘maypole builders.”’ Indeed, the bower 
in some maypole builders (and perhaps in certain of the avenue builders) may be 
of such transcendent importance in the behavioral pattern of the species that it 
nearly or completely replaces the visual morphological signals of the builder and, 
through a transfer of the forces of sexual selection to inanimate objects, renders 
morphological ornamentation superfluous. The aptly named Amblyornis inornatus 
—a tepee builder—is the primary example of this hypothetical phenomenon. The 
male of this species, which constructs the most complicated and highly ornamented 
bower known, is crestless and virtually indistinguishable from the female; yet the 
males of all of its close relatives wear elongated golden-orange crests and differ 
strongly from the females. 

A second case in point is A. subalaris, which builds a somewhat less complicated 
tepee-type bower. This species has the golden-orange crest darker and shorter 
than any of the other dimorphic species and heavily edged with dark brown as in 
the crestless female. Furthermore, the distribution and extent of brown in the 
orange crest of A. subalaris are extremely variable, giving the impression of recent 
release from the controls imposed by sexual selection. On the other hand, A. 
macgregoriae, which builds the simplest bower (a short cone of sticks around a pole 
on a mossy saucer with no suggestion of the tepee-like roof) and does not use colorful 
ornaments or, in fact, any but the simplest, most inconspicuous of paraphernalia 
(a few bits of charcoal, sometimes a lichen-decorated stick or some animal silk), has 
by far the longest, most brilliant crest found in the genus (with the exception of A. 
flavifrons whose bower is unknown). 

These facts lead me to believe that the evolution of bower form and ornamentation 
from simple to complex reflects the degree of transfer of the forces of sexual selection 
from morphological characters to external objects, namely, the bower. The adop- 
tion of inanimate objects as primary sexual releasers apparently has no parallel 
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of bark. New holes and enlargements were made above the topmost row. Ob- 
servations made within 12 feet with binoculars (7 X 50 Zeiss) showed that sap- 
suckers fed on sap which ran down from the leafy branch where it joined the main 
trunk. A bird might cling 4% hour before a well, alternately resting and feeding. 
These findings confirm those of Bolles (Auk, 8: 256-270, 1891). In winter, sap 
stored in the trunk may be more stationary so that a pattern of rows well separated 
yields the most. Feeding sapsuckers, however, are forced to move about as there 
is no heavy flow at any one point. Above observations suggest that freezing nights 
and thawing days favor movement of sap. The volume and watery nature of the 
sapsucker’s excreta may have resulted from an intake limited to sap. In summer 
feeding, solid food along with sap is afforded by occasional insects.—LAWRENCE 
KiLHaM, 7815 Aberdeen Road, Bethesda, Md. 


Further Notes on Alcoholic Specimens.—In a recent issue of ‘The Auk’ 
(72: 300-303, 1955), I made suggestions for the preparation of alcoholic specimens 
and skeletons of birds. I have since received several inquiries regarding the ship- 
ment of spirit specimens. Collectors on expedition and foreign correspondents 
usually do not have large quantities of a preservative available. They also are 
concerned about the expense involved in shipping specimens in large fluid-filled 
containers. There is, as a matter of fact, a simple, inexpensive way to mail speci- 
mens. They do not need to be immersed in fluid while in transit. After the speci- 
men has been in the fixative for three or more days (depending on the size of the 
specimen and the method of treatment), it may be wrapped in cotton saturated with 
the fixative, placed in a double-walled polyethylene-type bag, and mailed in a wooden 
or heavy cardboard box. Two plastic bags, one placed inside the other, serve this 
purpose admirably. Or, a tubular section of plastic material can easily be trans- 
formed into a double-walled sack by tying a cord around the tube at its midpoint 
and then doubling one half over the other. When the open ends are tied securely, 
the fumes from the saturated cotton will maintain the specimen in excellent condi- 
tion for several months. I have received well-preserved specimens from Africa 
prepared in this manner. It is important that the bags be sealed to prevent seepage 
and excessive evaporation of the fixative. In order to prevent punctures of the 
plastic, sharp beaks and claws should be wrapped with cotton or cloth. 

My previous note dealt with the preparation of spirit specimens for gross dissection. 
For this purpose, preservation in alcohol or embalming fluid is desirable because 
these fluids are more pleasant to work with than is formalin. Certain constituents 
of some embalming fluid formulae, however, may interfere seriously with microtechnic 
staining methods. If one intends to do any microscopic work, therefore, it is best 
to use another fixing agent. Experience indicates that one of the best fixatives for 
this sort of work is buffered 10 per cent formalin. For the convenience of ornithol- 
ogists, I quote here the formula as given by Lillie (1954. Histopathologic technic 
and practical histochemistry. Blakiston Co., p. 34). ‘‘Neutral buffered formalde- 
hyde solution (pH 7.0). 37-40 per cent formaldehyde solution, 100 cc.; water, 
900 cc.; acid sodium phosphate, monohydrate, 4 grams; anhydrous disodium phos- 
phate, 6.5 grams.” After material has been removed for microscopic study, the 
specimen may be washed in running water to remove excess formalin in order to 
reduce skin irritation when handling in gross dissection. 

Gale and Geary (Anat. Rec., 124: 95-99, 1956) recently presented an embalming 
fluid formula, which they found gave satisfactory preservation for histologic diagnosis 
in all tissues, although there was autolysis of the mucosa of the gastro-intestinal 
tract.—ANDREW J. BercER, Department of Anatomy, University of Michigan Medical 
School, Ann Arbor, Michigan. 
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California Gulls and Herring Gulls Breeding in the Same Colony.— 
The exact systematic position of the California Gull (Larus californicus) seems to 
be a matter of some dispute This form is usually recognized as a full species; but 
Stegmant Ueber dik men der grossen Méwen [subgenus Larus] und ihrer 
gegenseitigen ichunget 34, Journ. fiir Ornith., 82: 340-380) suggested that 
it should be regarded a subs] es | he Herring Gull (L. argentatus), and his 
suggestion een st ted b other workers, e.g. Fisher and Lockley 
(‘‘Sea-bird lins, 195 38-43 n view of this disagreement, the following 
observatio1 

During Ju 1954, i May an e, 1955, I spent several weeks observing 
gulls at Dog Lak unitoba joth Herring Gulls and Ring-billed Gulls (L. dela- 
warensts) hav ng bred on some of the small, low, rocky islands in this lake. The 
most favored island, in 1954 and the first part of 1955, was Pelican Island, where 
the colony of Ring-bills included approximately 4000 birds at its peak in 1955, and 
the colony of Herring ls included approximately 100 birds. 

Surprisingly en ilifornia e also present on this island in both 
years. A mated pair and ngle bird we en in 1954; and two pairs and an ap- 
parently unmated 

The California Gulls were easily recognized by their size, proportions, and dis- 
tinctive flesh color ible to observe them repeatedly, from a blind, at very 
short distan yard and my identification was confirmed by Mr. 
Ralph Otto a obert Klopman (who succeeded in photographing the birds). 

These Californi lis were definitely breeding 

The mated male at male observed in 1954 were incubating. Their nest con- 
tained one egg, and some indicatior lried egg-yolk) of another egg recently 
destroyed The remaining egg was collected and hatched. The chick was kept 
at the Delta Waterfowl Research Station for several weeks, until it was taken by a 
Great Horned Owl. This young bird was definitely larger than most Ring-billed 
Gull chicks, and smaller than most Herring Gull chicks, of the same age. Its 
developing plumage appeared to conform to the published descriptions of the first 
plumage of you -alifornia Gulls collected in the wild.) 

The birds observed in 1955 were the pre-incubation stage of the breeding 
cycle. They were territorial and showed many hostile and sexual behavior patterns, 
including apparently successful copulations 

The territory selected by the incubating pair of California Gulls in 1954 was on 
the slope of a low, rocky ridge, roughly midway between a concentration of Herring 
Gull nests on the crest of the ridge and a concentration of Ring-billed Gull nests on 
the low flat ground beside the ridge. The territories selected by the California 
Gulls in 1955 were on the crest of the same ridge, scattered amid the territories of 
both Ring-bills and Herring Gulls The water level of Dog Lake was unusually 
high in 1955, Pelican Island was much reduced in size, and all the breeding birds 
were crowded together 

The California Gulls nested later than most of the Herring Gulls and many of the 
Ring-bills. The egg collected in 1954 hatched on June 22, when most of the Herring 
Gull chicks were approximately two to three weeks old, and many of the Ring-bill 
chicks were at least several days old. The California Gulls observed in 1955 were 
still in the pre-incubation phase on June 19, after most of the Herring Gulls and 
Ring-bills had completed incubation. (It is possible that the California Gulls began 
to nest during late May or early June of 1955, and then had their nests destroyed by 
rising waters [here is a gap in my observations for this period.) 
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All the observed encounters between California Gulls and Herring Gulls or Ring- 
bills were purely hostile. The nesting Ring-bills, and all other Ring-bills on their 
own territories, reacted to the approach of a California Gull in much the same way 
that they reacted to the approach of other ‘“‘dangerous’’ animals or potential preda- 
tors, such as Herring Gulls or White Pelicans. (The California Gulls were the most 
inveterate egg-thiefs on the island.) The mere approach of a California Gull was 
apparently enough to activate both the attack and escape drives of a territorial 
Ring-bill, usually stimulating both drives very strongly and the escape drive slightly 
more than the attack drive. The approached Ring-bill would usually show high- 
intensity hostile displays, most frequently the high-intensity display containing 
the relatively strongest escape element (see Moynihan, Behaviour, In Press, for a 
description of these displays). Only very rarely would a territorial Ring-bill make 
a brief and hesitant attack on an intruding California Gull. Ring-bills away from 
their territories usually avoided California Gulls by simple retreat. A few Ring- 
bills, apparently drawn by the sight of food, would sometimes approach a California 
Gull when the latter was eating stolen eggs; but the California Gull always attacked 
them immediately, and they were always forced to flee. The California Gulls 
usually ignored the Ring-bills in other circumstances. Similarly, the California 
Gulls and the Herring Gulls usually ignored one another. I did not observe any 
contacts between the incubating California Gulls and Herring Gulls in 1954. In 
1955, however, I saw several disputes when a California Gull and a Herring Gull 
tried to steal the same egg. These disputes were quite as brief as the similar squab- 
bles between California Gulls and Ring-bills; but in these circumstances it was the 
Herring Gull that attacked and the California Gull that fled. 

It should be noted, incidentally, that some of the hostile displays of the California 
Gulls, relatively common during certain intra-specific disputes, were rather dis- 
tinctive in physical form, differing from the homologous displays of both the Herring 
Gulls and the Ring-bills. 

California Gulls have been observed in Manitoba on several previous occasions 
(I am grateful to Mr. A. G. Lawrence, of Winnipeg, for looking up these earlier 
reports) ; but I believe that this is the first authentic breeding record for the Province 
In any case, the apparent absence of sexual or “‘friendly’”’ social reactions between 
the California Gulls and Herring Gulls on Pelican Island would strongly suggest 
that the two forms are now separate species ——-M. MoynrHan, Museum of Compara- 
tive Zoology, Harvard University, Cambridge 38, Massachusetts. 


A Preliminary Study of Subspecies of Savannah Sparrows at the Savannah 
River Plant, South Carolina.—During January and February, 1955, an intensive 
study of population density and habitat selection of wintering fringillids in abandou.d 
fields of the Atomic Energy Commission’s Savannah River Plant, Aiken and Barnwell 
counties, S. C., was made as part of the University of Georgia’s AEC-supported 
program of ecological studies directed by Dr. Eugene P. Odum. Winter fringillids 
are very important in the ecology of old fields since these birds together with certain 
rodents are the chief ‘‘harvesters’’ of seed crops which have been produced through- 
out the growing season. In these studies large numbers of birds were caught with 
Japanese mist nets, banded, and released. The Savannah Sparrow (Passerculus 
sandwichensis) was by far the most abundant species in fields now three years 
abandoned to cultivation. 

On January 15 and 16 I obtained a sample of birds from three diverse types of 
Savannah Sparrow habitat to determine qualitatively the subspecific composition 
of the populations. Net operations were under the direction of Gordon Hight, Jr. 
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show marked differences in habitat selection in winter, as well as during the breeding 
season, this is apparently not true at the subspecific level in Savannah Sparrows. 
However, a larger sample might show that there was a quantitative segregation. 

The fact that five distinct subspecies were found within a small area indicates that 
Savannah Sparrows wintering on the Savannah River Plant area may come from 
breeding areas which are geographically widely separated both north-south and 
east-west. 

Finally, it is of interest to point out that the specimens of three of these subspecies, 
—mediogriseus, nevadensis, and oblitus,—constitute additions to the list of South 
Carolina birds because these forms are not listed by Sprunt and Chamberlain in 
South Carolina Bird Life (Univ. S. C. Press, 1949).—Davip W. Jounston, Depart- 
ment of Biology, Mercer University, Macon, Georgia. 


Waterfowl Reaction to an Earthquake.—To have a group of wild creatures 
under observation at the moment of an earthquake is a rare opportunity. At 9:45 
A.M., February 14, 1956, an earthquake with an intensity of 4 struck the Tokyo 
area. Its center was in Saitama Prefecture only about 15 miles north of the city. 
My two assistants and I were watching birds in the Shin Hama Imperial Duck 
Netting Grounds on the shore of Tokyo Bay at the eastern edge of the city. We 
were situated in small house biinds at the edge of a pond surrounded by a dense 
bamboo thicket. Before us and about us were several thousand birds including 
Teal (Anas crecca), Pochard (A ythya ferina), Tufted Duck (A ythya fuligula), Mallard 
(Anas platyrhynchos), Shoveller (Spatula clypeata), Wigeon (Mareca penelope), 
Spectacled Teal (Anas formosa), Common Cormorant (Phalacrocorax carbo), Black- 
crowned Night Heron (Nycticorax nycticorax), Snowy Egret (Egretta garzetta), 
Plumed Egret (Egretia intermedia), Gray Heron (Ardea cinerea), Turtle Dove (Strep- 
topelia orientalis), Bull-headed Shrike (Lanius bucephalus), Tree Sparrows (Passer 
montanus), and Ashy Starling (Sturnus cineraceus). 

The waterfowl were resting quietly on the water, either asleep or slowly paddling 
around. The herons and egrets were roosting in the bamboo. The other species 
were in the bamboo and about trees of nearby lawns. As it was mid-morning the 
amount of activity was reduced to a minimum. 

I had been watching the ducks through peep-holes in the blind, had just stepped 
out, and was walking on a lawn behind the bamboo border of the pond. My assistant 
was still watching through a peep-hole. 

Suddenly all of the ducks squawked loudly. I quickly scanned the sky for a 
Peregrine Falcon, and my assistant looked over the pond to see where the strike 
was to be made. Then the earth began to shake violently from side to side accom- 
panied by a concussion-like change in air pressure. Trees before me swayed as 
if to be uprooted and I could hardly stand. The swaying lasted several seconds. 
The ducks had obviously heard or sensed the first shock before I did. Their initial 
squawk was similar to that given when a falcon swoops to attack. Immediately 
after this shock and as the earth began to rock, they rose from the water. About 
ten per cent remained on the water and all were swimming in one direction after 
the rocking started. It seemed to me that the waves of movement came from 
Tokyo Bay, and all of the ducks were headed in the opposite direction. The reverse 
may have been true, and they were orienting themselves to face the direction of 
shock, for the epicenter was northwest of us and the Bay south and east. Herons 
and egrets left the bamboo and the doves and passerines flew excitedly out of the 
refuge. The waterfowl and ardeids circled in the air above the refuge for a few 
minutes and then returned to the water and foliage. 
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Within ten 1 tes the refuge | returned to normal and the only excitement 
remaining was that of the workrnen who were discussing the matter—H. E.uioTr 
McCuurge, 4 fedical General Laboratory, APO 343, San Francisco, California. 


Nesting of the Pygmy Palm-Swift. k states in his ‘“‘A review of the genera 
and nesting habits of swifts’”’ that the nest of the Pygmy Palm-Swift (Micropanyptila 
furcaia) is unknown (Auk, 73: 195¢ However, Hermano Nicéforo Maria, the 
well known Colombian naturalist, writ in litt.) that he found on July 31, 1948, 
a nest of this rare species situated 1 palm about 15 meters above the ground. 
The locality was Petrélea, Nort Santander, in the Catatumbo lowlands, Colombia. 
He remarks that “‘the 2 birds, in turn, went in and out of the hollowed base of a leaf, 
and at this place they were both killed One of these (sex not determined) is in the 
collection of this Academy (A. N P. 157,55 It will be noted that the nesting 
site is similar to that of an Antillean 7achorr which I have collected in like fashion. 
JAMES Bonp, Academy of Natural Sciences, Philadelphia, Pennsylvania. 


The Little Egret, a New Bird for North America.—The National Museum 
of Canada has received from Mr. Leslie M. Tuck, Canadian Wildlife Service, St. 
John Newfou i, the ski f a female Little Egret, Egretta garzetia garzetta 
(Linnaeu It w hot by Robert Emerson at Flatrock, Conception Bay, New- 
foundland, or 8, 1954. Dr. Alexander Wetmore, who kindly examined the 
specimen at the writer’s request, concurs with the identification. The finding of this 


Old World bird in wfoundland adds a new genus and species to the North American 
list.—W. Eart Goprrey, National Museum of Canada, Ottawa, Ontario. 


An Anomalous Condition in the Eye of Some Hawks.—During a morpho- 
logical study of tl yes of bis in Tex pecimens of several species were col- 
lected, two of wh exhibited unomalous condition in one eye. The condition 
called colaboma illy congenital and is characterized by an absence of some 
wk (Buteo lagopus) and a Red-tailed 
Hawk (Bute n , both exhibited colabomas which involved a lack of develop- 
ment or an atrophy of approximately three fourths of the iris, lens, retina, and choroid. 
The eys u possibly have functioned in image formation if indeed it was 
able to functio tht percey 

It is very diff t to make hawk with normal eyes observe an object which is 
to insist on binocularity at close range, 
Apparently the binocularity is 


portion of tl y An adult I 





close at hand wit nly « ey* They 





which demar t use of their te1 





of use in depth perception during the stoo 
The above-ment hawk vithout the use of one eye, were of course forced 
into monocularity for all situatic Vet they managed to survive as adult hawks. 
Either they nag to compensate for their loss by using the other clues for depth 
perception re of object, shadows, et or possibly they subsisted on carrion or 
locusts, both of which were abundant in the area where they were collected.—REx- 
ForD D. Lorp, Johns Hopkins University, Baltimore, Maryland. 
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The Wren.—Edward A. Armstrong. Macmillan, New York. viii + 312 pp., 
32 tables, 8 black and white plates, 41 text-figures. Price $6.00.—In conducting 
this study of “the Wren,” or Holarctic Wren (Troglodytes troglodytes), Edward 
Armstrong, in addition to examining an enormous literature, filled notebook after 
notebook with observations on this elfin bird from various parts of its range. The 
study extended over a period in excess of ten years. Although the main observation 
areas were near Cambridge and thus pertained to the British population of the 
nominate race, several races, including both continental birds (which tend to be 
migratory) and ones from islands or isolated mountainous areas (which tend to be 
sedentary) are taken into account in this book. Moreover, the author has incor- 
porated life-history information, of which some was obtained first-hand, on other 
troglodytid species (all New World inhabitants) and on other kinds of birds as well 
as other animals. The net result of Armstrong’s endeavor is an engagingly written, 
well-illustrated account of the ecologic life history of the Holarctic Wren. The 
account is illumined with many comparisons, both interracial and interspecific. 
Appearing as the ninth volume in The New Naturalist series, this volume is designed 
“to interest the general reader in the wild life of Britain by recapturing the inquiring 
spirit of the old naturalists.” It ought to, and doubtless will, prove of even greater 
interest to bird watchers, wherever they may be located, whose study of and work 
with birds is of more serious, steady, or advanced nature than that of the general 
reader. 

Early chapters outline the wren’s distribution, which embraces parts of North 
America, several North Atlantic islands, Britain, and much of Eurasia; and its 
habitat, which usually involves thick cover and excludes undiversified open country 
and densely built-up areas. Treatment of migration, dispersal, and homing is 
followed by that of general behavior and feeding habits. 

Territory is dealt with under a dozen sub-headings. These are, in part, as follows: 
size—between two and three acres, or larger where competition is lacking; boundaries 
—influenced, to be sure, by neighboring wrens, and sometimes though not always by 
open spaces; the role of the female—who leaves territorial defiance to the male; 
expulsion from territory—‘‘a wren may be dispossessed of his territory by gradual 
usurpation or by more or less abrupt domination and evictions’’; and territory and 
polygamy—‘“I have never known a polygamous wren’s mates to lay in nests close 
to one another when they could choose sites further apart.’ 

Call-notes and especially songs are handled assiduously and at considerable 
length (pp. 52-96). One figure illustrates ‘“‘the gradations in volume and corres- 
ponding changes in function of the wren’s song’’ (ranging from loud territorial 
song to whisper song, the latter being the softest version of “‘sub-song’’). Several 
histograms show song output during whole-day observations. Other parts of the 
chapter on voice (to mention a few) encompass such matters as defense and intimida- 
tory songs; the effectiveness of territorial song—there being indirect evidence that 
“‘males react with more confident aggressiveness against deficient singers,’ with the 
added note that “apparently, imperfection either in display or song reduces a bird’s 
chances of mating’’; a comparison of wren songs; courtship songs—which “in general 
are sweeter, softer and more warbling than most territorial songs’’; the female’s 
song—usually whisper song, which may be issued when brooding, feeding the young, 
or otherwise associated with nestlings or fledglings. A helpful tabular summary 
includes nine types of general call-notes, three sexual call-notes, and two juvenal 
call-notes. 
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rhythm. One wren (Silverband) had sessions on and recesses from the eggs averag- 
ing, respectively, 29 and 14 minutes when the mean temperature was 70°, and 33 and 
11 minutes (thus, a greater coverage) when it was 65°. Further treatment of in- 
cubation, with graphic illustrations, employs not only data from the Holarctic Wren 
but also data from the House Wren (Troglodytes aédon), whose monographers were 
Kendeigh and Baldwin. 

In the chapter on care of the nestlings are a number of topic headings. A few of 
these together with certain items of interest are the following: hatching—often 
spread over two days, occasionally three; brooding of nestlings—the average daily 
reduction in brooding is about 6 or 8 per cent; number of visits with food per day— 
with one female, 91 visits shortly after hatching to 397 two days before the young 
fledged; roles of the sexes—the male feeding nestlings in about 40 per cent of nests 
in Holland, though apparently less, and only after the young are several days old, 
in England; feeding tempo and polygamy—"‘‘to say that polygamy among wrens 
is an adaptation correlated with a relatively abundant and readily available food 
supply merely summarizes a complex situation.’’ (This statement would seem to 
reflect an integral part of the author’s naturalistic philosophy, for in the reviewer’s 
opinion the major shortcoming of the monograph is the failure to provide adequate 
verbal summaries; despite the fact that much has been compressed in tables and 
graphs, summary sentences and passages are widely scattered, alrrost lost, in the 
body of the text.) To list a few more items: nest sanitation—a young wren, when 
more than a week old, tends to crowd the nest-entrance and after receiving food “‘it 
turns round, and mutes the sac to the waiting female or male’’; nest probing—by the 
female, a means of keeping the nest tidy; food brought to nestlings—mostly insects, 
arachnids, and other arthropods, the insular races probably supplying somewhat 
larger morsels; and duration of sorties while feeding nestlings—these tending to 
become shorter as the chicks grow. 

The appearance and early reactions of the nestlings are well described, mostly 
in qualitative terms. There is a brief description of growth of plumage and increase 
in activity. Data from the Heinroths show the hatchling to weigh about one gram, 
the weight increasing at about one gram per day. The nestling period appears to 
average close to 15 days in Britain, somewhat more in more northerly regions. The 
author develops an interesting discussion of the relation of the nestling period to 
food supply, and another of ‘“‘spread nesting’ (meaning, usually, that “pairs may 
begin breeding at different dates over a prolonged period or . . . have a series of 
broods’). In the Hoiarctic Wren, spread nesting is more characteristic of races 
inhabiting bleak, insular regions (where it ‘“‘may be adapted to a continuous, rela- 
tively stable food supply or conditions in which one of several successive minor food 
peaks may fail’’); although insular races are mainly monogamous, in other popula- 
tions (as in Europe) successive polygamy is a common practice and is associated 
with a more closely synchronized inception of laying (even though spread appreci- 
ably), as well as with high availability of food, accentuated territorialism, and 
multiple nest-building. 

The young normally leave the nest in the forenoon, occasionally in the afternoon. 
Accounts of the behavior of adults and fledglings and travels of the family are pro- 
vided. ‘Females may feed fledged chicks for as little as 9 days . . . and for as 
much as 17 to 18 days.”” The male tends to guide the family in its excursions; 
a family under female guidance may go beyond the male’s territorial bounds. Fur- 
ther discussions relate to second broods, certain roosting traits (including the use 
of nests of other species), and fostering. 
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Another substanti hapter brings together information on predation (despite 
many known “instances of the persecution or slaughter of various wrens by other 
birds , so far is known, no species suffers seriously from the depredations’’), 
victimization by the cuckoo (which ‘‘can be a menace to the European wren in some 
areas’’), parasites and nidicol iversionary display (injury-simulation is unrecorded 
for the wren), a rtality due to misadventure and to adverse weather. A final 
chapter covers sundry aspects of arising and roosting. As shown in one figure, 
arising closely follows civil twilight (when the sun is 6° below the horizon) throughout 
the year, whereas roosting is much earlier than civil twilight (even earlier than sunset) 
in summer er than this in winter. Some of the other topics include: arising 
and roosting when feeding young, relationship of arising to moonlight, influence of 
weather on roost times, memory of the roosting place, and factors determining 
social roosting 

The monograp! ympleted by a 15-page bibliography, including titles of papers 
most important for the study of wrens, plus a meticulously organized index covering 
subspecies of 7 yt troglod yte with geographic subdivisions), other species 
of wrens mentione the text; birds other than wrens; mammals, cold-blooded 
vertebrates, and invertebrat« ind authorities 

This important treatise, of which no review can furnish a satisfactory summary, 
is based on an extraordinary amount of data gleaned mainly by Edward Armstrong, 
though also by other workers over a long period. The author, with a felicitous 
literary style and an extensive grasp of the subject of bird behavior, has so molded 
and amplified this mass of gathered facts as to have produced a highly readable, 
sympathetic, and authoritative story of Troglodytes troglodytes —ROBERT A. NORRIS. 


Die Vogel Hessens.—Ludwig Gebhardt/Werner Sunkel. Senckenberg Buch No. 
34, 532 pp. 5 pl. 17 figs. Price 14 D. M. W. Kramer, Frankfurt A. M. 1954.—There 
are probably few places in the world with as long and active a faunistic history as the 
area of the middle Rhine and the adjacent parts of Hessen. In the present summary 
it is recorded with great detail where the various species of birds occur within the 


study area, what changes have taken place within the last 200 years, and what the 
migratory behavior and the winter quarters of the Hessen bird populations are. 
This summarizes the information included in the enormous number of 1885 longer 
or shorter publications dealing with the birds of the area. An excellent biographical 
section (72 pages) deals with the history of the ornithological exploration of the 
area. As far as “pure” faunistics is concerned, it would be difficult to improve on 
this volume, but authors of state lists should consider carefully whether it is the 
ideal to consider birds merely as components of the general geography. The empha- 
sis on presence versus absence leads one to overlook that each landscape also affects 
the biology quite drastically. Habitat selection, average clutch size, the frequency 
of second or third broods, the beginning and end of song period (and other components 


of the seasonal cycle) are as legitimate components of biological faunistics as the 
mere recording of presence and absence. ‘This volume on the birds of Hessen repre- 
\istics at its best and will serve as a solid basis for the biological 
faunistics of the future Ernst MAyR 
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Water—The Yearbook of Agriculture, 1955.—U. S. Department of Agriculture. 
(U. S. Gov’t Printing Office), xiii + 751 pp. Price, $2.00.—This treatise on the 
use and conservation of our water resources contains several chapters on ‘Water 
and Our Wildlife,’’ as well as much general information of value to those interested 
in conservation. It should prove a valuable reference work.—RoBERT W. STORER. 
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RECENT LITERATURE 
EDITED BY FRANK McKINNEY 


ANATOMY AND EMBRYOLOGY 

LockLEy, R. M., and D. Surrey Dang. 1954. Congenital abnormalities in a 
Gannet. British Birds, 47: 23-24.—A full-grown fledgling Sula bassana showed 
absence of feathers on the back, malformed feathers, 10 instead of 12 tail-feathers, 
and 5 instead of 4 toes on each foot. 2 photographs.—F. M. 

Prins, F. X. 1951. Die ‘‘“Musculus orbitoquadratus” en Constrictor 1—derivate 
van die pikkewyn. Ann. Univ. Stellenbosch, 27 (A): 101-130.—An embryological 
study of part of the trigeminal musculature in the South African Penguin (Sphenis- 
cus demersus). In Dutch, with English summary.—R. W. S 


BEHAVIOR 

BAGNALL-OAKELEY, R. P. 1954. Observations on a Black-bellied Dipper [Cinclus 
c. cinclus] walking along the bottom of a stream. British Birds, 47: 28. 

Conver, P. J. 1954. The hovering of the Wheatear. British Birds, 47: 76—79.— 
Review of literature and personal observations convince the author that hovering 
in Oenanthe oenanthe is used as a technique for observing predators or potential 
predators and not as a display or to locate food.—F. M. 

Crook, J. H. 1953. An observational study of the gulls of Southampton Water 
British Birds, 46: 385—397.—An interesting description of the behavior of four 
species of gulls in winter. Black-headed Gulls (Larus ridibundus) have nine 
different feeding activities in the estuary. Roosts are used at high-tide and at 
night. The routes leading to roosts and the flight behavior of the birds under 
various wind conditions are described and figured.—F. M. 

Goopwin, D. 1953. The reactions of some nesting passerines towards live and 
stuffed Jays. British Birds, 46: 193-200.—Small birds such as Warblers (Phyl- 
loscopus sp.) mob but do not risk an actual attack on a stuffed Garrulus glandarius; 
Thrushes (Turdus sp.) frequently attack. Many interesting observations are 
described, and there is a discussion of the Jay as a nest predator.—F. M. 

Goopwin, D. 1954. Juvenile Mistle Thrushes showing reproductive behaviour- 
patterns. British Birds, 47: 81-83.—Captive, hand-raised Turdus viscivorus 
performed nest-building movements, and “mounting” occurred once.—F. M 

HinpeE, R. A. 1956. A comparative study of the courtship of certain finches 
(Fringillidae). Ibis, 97: 706-745; 98: 1-23.—This important paper is concerned 
primarily with the causation of courtship behavior; the species studied were the 
Canary (Serinus sp.), Greenfinch (Chloris chloris), Goldfinch (Carduelis carduelis), 
Crossbill (Loxia curvirostra), Hawfinch (Coccothraustes coccothraustes), Bullfinch 
(Pyrrhula pyrrhula), Chaffinch (Fringilla coelebs), and Brambling (Fringilla 
montifringilla). Each sex of each species shows tendencies to attack, flee from, 
and behave sexually toward its mate during courtship. Males are dominant 
over females until the pre-copulatory period is reached, at which time males 
tend to behave sexually more and more and to attack and flee from females less 
and less. Females thus become dominant in the pre-copulatory period. At 
copulation both sexes tend to behave sexually and to flee, but they rarely attack 
one another. Each display is analyzed into a number of components, and varia- 
tion in these postures is related to the variation in the three basic drives. 

Courtship feeding (and in the Canary and Greenfinch, nest building) is regarded 
as ritualized displacement activity, facilitating sexual behavior and reducing the 
tendency to aggression. 
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reaction, especially as shown by breeding birds. The view is put forward that 
this behaviour, both as an element of intraspecific fighting and of predator-reac- 
tion, is a result of the joint stimulation, at relatively low intensity, of attack and 
escape. Some other displacement-activities of a similar nature are also dealt 
with.” Excellent drawings.—F. M. 


DISEASES AND PARASITES 


GutLForp, H. G., and C. A. Herrick. 1954. The effect of gapeworm disease in 
pheasants. Trans. Wisc. Acad. Sci. Arts and Letters, 43: 25-50.—Gapeworms 
experimentally introduced as eggs into young pheasants developed and multiplied 
from the 15th to the 27th day, then declined to the 48th day. A resistance to a 
second infection developed after the 37th day.—J. T. E. 

OrnITHOsSIS. (Unsigned editorial.) 1956. The Journal of the American Medical 
Association 160 (No. 12): 1057.—Since World War II “‘psittacosis’’ has increased 
in the United States. Between 1945 and 1951 there were about 28 reported 
cases per year; about 444 were reported in 1954. Recently, several epidemics 
have been reported among turkey-processing plant employees. Ornithosis may 
be transmitted by finches, pigeons, ducks, and galliform birds as well as by parrots. 
“If effective control measures are not promptly applied, a continued increase in 
the incidence of this disease may be expected.’’—D. A. Z. 

SLADEN, W. J. L., and P. K. C. Austwick. 1955. The mycoflora of wild Pink- 
footed Geese sampled in Iceland and Scotland, 1953. The Wildfowl Trust Seventh 
Annual Report, 1953-1954: 133-138. 

Woopman, W. J., and R. J. Dicke. 1954. Population fluctuations of the Mal- 


lophagan parasite Bruelia vulgata (Kellogg) upon the Sparrow. Trans. Wisc. 
Acad. Sci. Arts and Letters, 43: 133-135.—Fifty-five per cent of 391 House Spar- 
rows (Passer domesticus) collected throughout the year at Madison, Wisconsin, 
were infested with an average of 6 Mallophagan parasites per bird. A sig- 
nificantly high incidence of parasitism occurred in June. Lowest infestations 
were in August, September, and January.—J. T. E. 


DISTRIBUTION 


Boask, H. 1954. Movements and numbers of Tufted Duck in E. Scotland. 
British Birds, 47: 65-76, 3 graphs.—Seasonal fluctuations in numbers of A ythya 
fuligula on lochs in Angus and Perthshire and tidal waters of the Tay Estuary.— 
F. M. 

Bonn, J. 1956. Check-list of Birds of the West Indies. Fourth Edition. Phila- 
delphia: Academy of Natural Sciences. ix + 214 pp.—A bringing up to date of 
this familiar work. See Auk, 53: 105, 1936, and 62: 318, 1945, for reviews of the 
first and second editions, respectively.—R. W. S. 

Bonp, J. 1956. First Supplement to the Check-list of Birds of the West Indies 
(1956). Philadelphia: Academy of Natural Sciences. 8 pp. 

Brown, L. 1955. The Breeding of Lesser and Greater Flamingoes in East Africa. 
Journ. E. Afr. Nat. Hist. Soc., 22: 159-162.—The largest breeding colony, on 
Lake Natron, comprised 500,000 adults, mostly of the Lesser Flamingo. First 
breeding record of the Greater Flamingo in East Africa.—H. F. 

FisHER, J. 1953. The Collared Turtle Dove in Europe. British Birds, 46: 153- 
181, 3 maps.—During the last twenty years, Streptopelia decaocto has spread 
“about 1,200 miles north-westerly across Europe from the Balkans, and has been 
observed at 468 different new places at least, at many of which it has become a 
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Boyp, H., and P. Scorr. 1955. The British population of the Pinkfooted Goose, 
its numbers and annual losses. The Wildfowl Trust Seventh Annual Report, 
1953-1954: 99-106.—Summary of conclusions drawn from an intensive study of 
Anser brachyrhynchus begun in 1950. Large-scale banding has shown that the 
Pinkfeet which breed in Iceland and Greenland winter in England and Scotland, 
and this population is distinct from that which breeds in Spitsbergen and winters 
in Denmark, Germany, and Holland. Application of the ‘Lincoln Index’ to 
capture-recapture data gives estimates of the British population which vary 
from 37,000 to 52,000 (standard errors of the order of 17 per cent). Calculations 
from the adult and juvenile death-rates and the theoretical age-composition of 
the pepulation give estimates ranging from 41,000 to 51,000. The death-rate is 
26 per cent for adults and 42 per cent for juveniles (calculated from band- 
recoveries). The kill for one year in Britain of 12,700 geese is thought to be a 
fair estimate. A graph illustrates the fluctuations of the population between 
October 1950 and May 1954.—F. M. 

Hart.ey, P.H. T. 1954. Wild fruits in the diet of British Thrushes. A study 
in the ecology of closely allied species. British Birds, 47: 97-107, 8 figs., 4 tables.— 
The wild fruit foods of Turdus pilaris, T. viscivorus, T. ericetorum, T. musicus, 
and 7. merula were investigated by collecting records of birds seen feeding on 
fruits of different plants. Each species has characteristic food preferences, 
though striking differences are apparent between records from two areas in southern 
England and one in South Wales. Competition for wild fruit food is most serious 
between 7. pilaris and T. musicus, which are both winter visitors to Britain. 
The former species has an “ecological reserve” in the habit of feeding on crab- 
apples in hard weather, while T. musicus has no such habit and is the first to suc- 
cumb.—F. M. 

Lack, D. 1954. The stability of the Heron population. British Birds, 47: 111- 
119, 3 figs., 1 table —Re-examination of data collected over 25 years by the British 
Trust for Ornithology (Index of Heron Population) confirms that there has been 
a marked decrease in numbers of Ardea cinerea after each hard winter followed by 
a rapid recovery to nearly the former level. By comparing nearly complete 
censuses of nests in three areas in England, regional fluctuations are detected 
which do not appear in summaries for the whole country. ‘The size and spacing 
of the colonies varies with the locality and habitat and may also change with 
time. The dispersion of the breeding pairs in accordance with the feeding con- 
ditions presents an unsolved problem in bird behaviour.’’ There is an editorial 
comment on the paper by E. M. Nfiicholson] (p. 119-121) which stresses that 
“assumptions that the Index tells the whole story niay lead us away from the 
truth.”—F. M. 

Scort, P., H. Boyp, and W. J. L. Stapen. 1955. The Wildfowl Trust’s Second 
expedition to Central Iceland, 1953. The Wildfowl Trust Seventh Annual 
Report, 1953-1954: 63—-98.—The aim of the expedition was to capture and band 
Pink-footed Geese (Amser brachyrhynchus) on the breeding grounds. Details 
are given of techniques for driving molting adults and goslings into pens. 4144 
adults and 4861 goslings were captured; 260 of the adults carried bands put on in 
previous years. By using the “Lincoln Index,’’ the breeding population in mid- 
July 1953 is estimated at 8200 adults and 10,200 goslings. “It is considered 
unlikely that two-year olds breed successfully,’ but they were present in the colony. 
Evidence suggests that geese return to the same part of the colony to breed in 
successive years. Gosling mortality is estimated by several methods; it is thought 
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in October-November in Britain. The proportion of adults carrying shot is 
about the same as for Branta canadensis interior in the Mississippi Valley. —F. M. 


MIGRATION AND ORIENTATION 

Barnes, J.A.G. 1953. The migrations of the Lesser Black-backed Gull. British 
Birds, 46: 238-252.—The results of a co-operative enquiry into the migrations 
of Larus fuscus in the British Isles. The account is based on field records of 
arrival dates, influxes, and to a lesser extent of birds observed migrating. The 
movements appear to be on a broad front, though some migrants follow the 
lines of coasts or rivers. There is some evidence indicating that there may be 
heavy passage at heights greater than 3,000 feet.—F. M. 

Boyp, H. 1954. The “‘wreck’’ of Leach’s Petrels in the autumn of 1952. British 
Birds, 47: 137-163, 1 fig., 2 tables—Fully documented account and discussion 
of the large scale ‘‘wreck’’ of Oceanodroma leucorhoa which occurred in the British 
Isles between October 21 and November 8, 1952. At least 6,700 birds were 
stranded, the largest influx since 1891. Widespread gales over the North Atlantic 
were responsible. It is thought that the whole population of the species was 
involved, not merely British birds.—F. M. 

Browne, P. W. P. 1953. Nocturnal migration of Thrushes in Ireland. British 
Birds, 46: 370-374.—Evidence mostly from counts of flight-calls indicates that 
there is a coasting concentration of four species of Turdus during the autumn 
migration at Dublin Bay. The relative frequency of flight-calls was checked with 
the kills at two lighthouses to confirm that Turdus musicus is a more numerous 
migrant here than 7. merula, T. ericetorum, and T. pilaris. Barrington at the 
end of the 19th Century recorded 7. ericetorum as the most numerous species.— 
F. M. 

Conner, P. J.; R. K. Cornwauuis and A. E. Smitu; A. G. S. Bryson; E. D. H. 
Jounson; P. Davis. 1954. Reports on the movements of certain migrants at 
British Bird Observatories in 1952. British Birds, 47: 16-23.—Separate reports 
on Oenanthe oenanthe, Phoenicurus phoenicurus, Sylvia curruca, Motacilla flava 
flavissima, and Calcarius lapponicus which summarize observations on spring 
migration in the first four species and autumn occurrences of the last species. 
The reports are analyzed and discussed with particular reference to weather 
conditions and the concept of migrational ‘‘drift.’”-—F. M. 

Davis, P. 1953. American Robin on Lundy. British Birds, 46: 364-—368.— 
Turdus migratorius recorded on Lundy Island in the Bristol Channel on October 
27, 1952. It remained about two weeks. Kenneth Williamson contributes 
remarks to the author on the meteorological conditions which prevailed at this 
time and the evidence strongly suggests that this bird could have made the trans- 
atlantic flight unaided by drifting downwind.—F. M. 

Grirrin, D. R., and T. H. Gotpsmitu. 1955. Initial flight directions of homing 
birds. Biol. Bull., 108: 264-276—Common Terns (Sterna hirundo) released at 
various points in New England consistently headed to the southeast (144°) with a 
mean deviation of only 16°, regardless of the direction of their homes. Perform- 
ance was unaffected by 95 per cent cloud cover but was almost entirely lost when 
the sun was completely hidden. Leach’s Petrels (Oceanodroma leucorhoa) showed 
no consistent directional responses in similar overland releases.—J. T. E. 

Jongs, N.G. B., and R.Gmmorg. 1955. Observations on gathering and departure 
of Pink-footed Geese at Asgard in Central Iceland. The Wildfowl Trust Seventh 
Annual Report, 1953-1954: 153-169.—Observations on the behavior of Anser 
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groups exposed at cold temperatures (4°-8° C.). Day-lengths of about 11 hours 
were necessary for spermatogenesis in all groups.—J. T. E. 

Juun, M. 1954. On the two-fold source of pattern in plumage in the fowl] with 
examples from a hybrid. Jour. Exp. Zool., 126: 473-495.—Characteristic feather 
patterns in Barred Plymouth Rock X Brown Leghorn hybrids are gradually lost 
when feather growth is retarded under thiouracil.—J. T. E. 

OLSEN, M. W., and S. J. MarspEN. 1954. Development in unfertilized turkey 
eggs. J. Exp. Zool., 126: 337-348.—A delayed, abnormal development occurred 
in 14.1 per cent of 1463 eggs layed by a group of 23 virgin turkey hens. Birds 
confined in a pen adjacent to but separated from a group of male turkeys pro- 
duced more than twice as many developing eggs suggesting a neurogenetic stimulus 
—J. T. E. 

Wotrson, A. 1954. Production of repeated gonadal, fat, and molt cycles within 
one year in the Junco and White-crowned Sparrow by manipulation of day length 
Jour. Exp. Zool., 125: 353-376.—By alternating periods of long and short days 
Juncos were induced to pass through 5 periods of gonadal activity and fat deposi 
tion and two molts within 369 days. White-crowned Sparrows similarly treated 
underwent 4 periods of activity and 2 molts in 343 days. The entire annual 
cycle is thought to be regulated by day length. Short days induce molt but only 
after previous exposure to long days.—J. T. E. 


TAXONOMY 


Lack, D. 1956. The species of Apus. Ibis, 98: 34-62.—A revision of the genus 
Apus (Apodidae). There is a veritable morass of qualitative detail presented, 
and a welter of proposals of change in specific rank from the listing in Peters’ 
Bitds of the World. Statistically, there is no morass: the mean, standard devia- 
tion, and standard error are scrupulously avoided, and sample size is only occasion- 
ally noted. Extremes of linear measurements are faithfully recorded, but almost 
always in text; there is but one table in the 25 pages of the paper proper, and 
both text figures are distribution maps. I grant that a systematist’s insight is 
perhaps his most valuable tool and that statistics are only a means of gaining 
additional insight, but there seems to be no excuse for the author’s anachronistic 
presentation. His views may be the very best possible at this time on the genus 
Apus; if this is true, they represent probably the last triumph of 19th-century 
taxonomy.—R. F. J. 

MEINERTZHAGEN, R. (Chairman). [British Ornithologists’ Union] Taxonomic 
Subcommittee: First Report. Ibis, 98: 157-168.—Recommendations of this 
committee of interest to North Americans include: that the Gadow-Peters clas- 
sification be followed; that a 90 per cent rule in recognition of subspecies be fol- 
lowed in those cases where a single average character is determinative; that 
Gavia be substituted for Colymbus; that Cygnus buccinator and C. cygnus be re- 
garded conspecific; that Cygnus columbianus and C. bewickii be regarded con- 
specific; that Actitis macularia and A. hypoleucos be regarded conspecific; that the 
three phalaropes be regarded congeneric and united under Phalaropus; that 
Stercorarius skua be replaced in Catharacta; that Uria grylle be placed in Cepphus; 
that the Prunellidae be placed either immediately before the Fringillidae or after 
the genus Montifringilla to best indicate affinity —R. F. J. 

Pricocine, A. 1955. Une nouvelle race de Bessonornis archeri du Congo belge. 
Rev. Zool. Bot. Afr., 52 (1-2): 33-35.—Bessonornis archeri kimbutui, Mt. Kabobo, 
Belgian Congo, new subspecies.—R. W. S. 
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NOTES AND NEWS 
MEMBERSHIP COMMITTEE 


Committee on the Nomination of Members. William H. Drury, Jr., Chairman, 24 
Sacramento Street, Cambridge 38, Massachusetts; John J. Elliott, 3994 Park Ave., 
Seaford, Long Island, N. Y.; J. Harold Ennis, Cornell College, Mt. Vernon, Iowa; 
Thomas H. Foster, West Road, Bennington, Vt.; Fred T. Hall, Buffalo Society of 
Natural Sciences, Humboldt Park, Buffalo 11, N. Y.; W. W. Hill, Department of 
Anthropology, University of New Mexico, Albuquerque, N. M.; Thomas A. Imhof, 
307 38th Street, Fairfield, Ala.; Frederick W. Loetscher, Jr., 507 W. Main St., 
Danville, Ky.; George H. Lowery, Jr., Louisiana State University, Museum of 
Zoology, Baton Rouge 3, La.; Harold S. Peters, 968 Cumberland Road N. E., 
Atlanta 6, Ga.; Loren S. Putnam, Ohio State University, Dept. of Zoology and 
Entomol., Columbus 10, Ohio; T. L. Quay, North Carolina State College, Raleigh, 
N. C. 


The Editor 3.X.55 
THe AuK 
Sir: 


Twenty-nine years is a long time between the committing of an error and its 
correction but—better late than never. 

In 1926 I published a paper entitled “On Photoperiodism, Reproductive Peri- 
odicity, and the Annual Migrations of Birds and certain Fishes’’ in the Proceedings 
of the Boston Society of Natural History (38: 147-189) in which I referred to Snowy 
Owls weighing up to 10 and 12 Ibs. (p. 161). Francis Harper, the then Editor, 
demurred at this statement at the time but, as it proved impossible to find any 
authenticated weights, these figures were permitted to stand against his better 
judgment. They were based on the estimates of our local taxidermist who had 
quite evidently never weighed any of the numerous specimens mounted by him 
over the years. 

During the past three years one of our graduate students, Albert F. Oeming, has 
trapped and banded 35 Snowy Owls during the winter months in the Edmonton, 
Alberta, district all of which have been weighed on standardized scales. With his 
permission I append his figures herewith. Twenty-three females averaged 4 Ibs 
11% oz. (max. 5 Ibs. 6 oz.) while 12 males averaged 3 lbs. 10 oz. (max. 4 Ibs.). 

The situation is self-explanatory, and I need add nothing except to apologise to 
Dr. Harper (and his readers) for having perpetrated a howler in his sacrosanct 
columns, 29 long years ago. 


Yours etc. 
Wm. Rowan 
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